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sub«icuem able to react with the inorganic oxide, with residual hydroxyl functionality of the inorganic oxide, or with the reactive silane 
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SUPPORTED CATALYST CONTAINING TETHERED CATION FORMING ACTIVATOR 

This invention relates to supports and supported catalysts formed therefrom that 
are useful for polymerization of olefins. More particularly, the invention relates to such supports 
comprising an activator compound that is chemically bound or tethered to the support. The 
invention also relates to the preparation of such support materials and supported catalysts and to 
their use in an olefin polymerization process. 

Several supported cation forming catalysts for use in olefin polymerization 
processes have been previously disclosed in the art. WO-91/09882 described a supported catalyst 
prepared by combining i) a bis(cyclopentadienyl) metal compound containing at least one ligand 
capable of reacting with a proton, ii) an activator component comprising a cation capable of 
donating a proton and a bulky, labile anion capable of stabilizing the metal cation formed as a 
resuh of reaction between the metal compound and the activator component, and iii) a catalyst 
support material. The support material could be subjected to a thermal or chemical dehydration 
treatment. In some of the examples triethylaluminum was added for this purpose. The maximum 
bulk density of polymers formed by use of the foregoing supported catalyst reported in 
WO91/09882 was 0.17 g/cm3. Catalyst efficiencies that were reported were less than satisfactory 
for commercial application. 

WO-94/03506 described a supported ionic catalyst prepared by combining i) a 
monocyclopentadienyl meul compound, ii) an activator component comprising a cation which 
will irreversibly react with at least one ligand contained in said metal compound and an anion, said 
anion being a chemically stable, non-nucleophilic, anionic complex, and iii) a catalyst support 
material. Optionally, the supported ionic catalyst could be prepolymerized with an olefmic 
monomer. The support material could also be treated with a hydrolyzable organoadditive, 
preferably a Group 13 alkyl compound such as triethylaluminum. The reference also taught the 
use of such supported ionic catalysts in a gas phase polymerization process. Disadvantageously. 
the catalyst efficiencies obtained in WO-94/03506. were likewise insufficient for commercial use. 

In US-A-5.399.636, supported metallocene catalysts wherein the metallocene was 
chemically attached to support materials, including silica, alumina, clay, phosphated alumina, and 
mixtures thereof, were disclosed. In US-A-5.4lT,991. certain catalyst supports comprising 
polyanionic moieties constituted of noncoordinating anionic groups chemically bonded to 
crosslinked polymeric core components were disclosed. At column 19. lines 4-12 the reference 
taught the desirability of masking or protecting hydroxy! groups on the substrate by using standard 
chemical treatments. However, masking or protecting the hydroxyl groups prior to the reaction 
with the noncoordinating anionic reactant renders them inert to further reaction, thereby defeating 
the purpose of the invention. Perfonning the masking or protecting after reaction of the 
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noncoordinaiing anionic reactani detrimentally interferes with the desired chemically bonded 
anionic moieties. In Figure 8. an alternative scheme comprising functionalizing surface hydroxy! 
groups by reaction with p-bromophenyl(trimeihoxy)silane was postulated. No teaching of the 
desirability of limiting the quantity of surface hydroxyl functionality of the silica to amounts less 
than 1.0 mmol/g was provided. In addition no disclosure of forming reactive silane functionality 
instead of p-bromophenylsiloxane functionality is provided by the reference. For the foregomg 
reasons, the disclosure of this publication with respect to silica or alumina based starting materials 
is believed to be inoperable or deficient. 

Cationic homogeneous catalysts prepared by the use of cation forming activator 
compounds are disclosed in numerous prior art references. In EP-A-277.004 and US- A-5. 064,802 
the use of Bronsted acid salts able to form cations via hydrogen transfer is disclosed. In 
EP-A-277,003. a similar process using bulky anions containing multiple boron atoms is disclosed. 
In W093/234 12 carbonium salt cation forming activators are disclosed. US-A-5,321,106 taught 
the use of oxidizing salt cationic activators and USSN 304,314, filed September 12, 1994 taught 
the use of silylium salt cationic activators. Disadvantageously, such homogeneous catalysts when 
supported by normal techniques of physical absorption on the surface of a support material, may 
be removed again by diluents found in common solution or slurry polymerizations, and by diluents 
potentially found in gas phase polymerization process, such as those employing condensation and 
recycle of either diluents or monomers. Such loss of the catalytic material from the support may 
detrimentally affect the bulk density of the resulting polymeric product. 

It would be desirable to provide a supported catalyst and a polymerization process 
using the same that is capable of producing olefin polymers at good catalyst efficiencies. It would 
further be desirable to provide such a supported catalyst that is adapted for use in a slurry or gas 
phase polymerization process and is relatively unaffected by the presence of condensed monomer 
or diluents. 

In one aspect of the present invention there is provided a support for use in 
preparing supported catalysts for addition polymerizations comprising the reaction product of: 

(A) an inorganic oxide material comprising a solid matrix, and reactive hydroxyl groups or 
reactive silane functionalized derivatives of hydroxyl groups on the surface thereof, said reactive 
silane corresponding to the formula: -OSiR2H, wherein R, independently each occurrence, is 
hydrogen. C , .20 hydrocarbyl. or C 1.20 hydrocarbyloxy, 

said inorganic oxide material comprising less than 1.0 mmol of reactive surface hydroxyl 
functionality per gram, and 

(B) an activator compound comprising: 
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bi) a cation which is capable of reacting with a iransition metal compound to form a 
catalytically active transition metal complex, and 

b2) a compatible anion containing at least one substituent able to react with the 
inorganic oxide matrix, with residual hydroxyl functionality of the inorganic oxide, or with the 
reactive silane moiety, thereby covalently bonding the compatible anion to the support. 

In addition there is provided a supported catalyst system useftil in the addition 
polymerization of addition polymerizable monomers comprising the above identified support; and 
(C) a iransition metal compound containing at least one 7C-bonded anionic ligand group, said 
transition metal compound being capable of reacting with the aforementioned support by mea^s of 
the cation b,) to thereby chemically bind the catalytically active transition metal complex and 

support. 

In a further aspect, the invention provides a process for preparing a support 
comprising combining an inorganic oxide material comprising a solid matrix, and reactive 
hvdroxyl groups or reactive silane functionalized derivatives of hydroxyl groups on the surface 
thereof, said reactive silane coiresponding to the formula: -OSiR2H, wherein R. independently 
each occurrence, is hydrogen, C1.20 hydrocarbyl, or C1.20 hydrocarbyloxy, 
said inorganic oxide material conipfising less than 1.0 mmo! of reactive surface hydroxyl 
functionality per gram, 

with an activator compound (B) to form a support for an olefin polymerization catalyst. 

In yet another aspect the invention provides an addition polymerization process 
wherein one or more addition polymerizable monomers are contacted with a supported catalyst 
system according to the present invention under addition polymerization conditions. 

The supports and supported catalysts of the invention are readily prepared in high 
yields and efficiencies. Importantly, catalyst systems prepared from the foregoing catalyst 
components demonstrate improved performance as measured by catalyst activity and/or product 
bulk density, compared to previously known supported catalyst systems. This is believed to be a 
result of controlling the quantity of available surface hydroxyl groups of the inorganic oxide to 
less than 1 .0 mmol per gram prior to reaction with the activator compound B, and/or the use of the 
specific reactive silane functional groups as farther disclosed herein. 

All references herein to elements or metals belonging to a certain Group refer to 
the Periodic Table of the Elements published and copyrighted by CRC Press. Inc.. 1989. Also any 
reference to the Group or Groups shall be to the Group or Groups as reflected in this Periodic 
Table of the Elements using the lUPAC system for numbering groups. 
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Surprisingly, it has been found that using the unique combination of activator 
compounds and supports as specified herein, the activator compound can be attached to the 
support yet remain capable of activating transition metal catalysts typically employed in addition 
polymerization processes. The present supported catalysts can be employed to produce olefin 
polymers at extremely high catalyst efficiencies. Preferably the catalysts attain efficiencies of at 
least 1x10' g polymer/ g transition metal, more preferably at least IxlO' g polymer/ g transition 
metal. Moreover, these supported catalysts are highly immune to catalysts leaching under typical 
process conditions employed in gas phase or slurry polymerizations. 

Additional benefits in the use of the present supported catalysts in polymerization 
processes include the fact that the formation of polymer deposits at reactor walls and other moving 
parts in the reactor is avoided and that polymers having improved bulk density are obtained in 
panicle forming polymerization processes. According to the present invention, improved bulk 
densities for ethylene containing homopolymers and interpolymers are bulk densities of at least 
0.20 g/cm^. and preferably of at least 0.25 g/cm^. 

Suitable inorganic oxide supports for use in the present invention include highly 
porous silicas, aluminas, aluminosilicates. aluminophosphates, clays, titanias. and mixnires 
thereof. Preferred inorganic oxides are alumina and silica. The most preferred support material is 
silica. The support material may be in granular, agglomerated, pelletized, or any other physical 
form. 

Supports suitable for the present invention preferably have a surface area as 
detennined by nitrogen porosimetry using the B.E.T. method from 10 to 1000 m^/g. and 
preferably from 100 to 600 m2/g. The pore volume of the support, as determined by nitrogen 
adsorption, advantageously is between 0.1 and 3 cm3/g, preferably from 0.2 to 2 cm3/g. The 
average particle size is not critical but typically is from 0.5 to 500 jim. preferably from 1 to 150 
^m. 

Inorganic oxides, especially silica, alumina and aluminosilicates are known to 
inherently possess small quantities of hydroxyl functionality attached to the atomic matrix. When 
used to prepare component A therefrom, these inaterials are preferably first subjected to a heat 
treatment and/or chemical ueatment to reduce the hydroxyl content to 0.001-10 nunol/g. more 
preferably 0.01-1 .0 mmol/g. most preferably 0.1-0.8 mmol/g. Typical heat treatments (calcining) 
are earned out at a temperature from 150 to 900°C, preferably 300 to SSO'C for a duration of 10 
minutes to 50 hours. Typical chemical treatments include contacting with Lewis acid alkylating 
agents such as trihydrocarbyl aluminum compounds, trihydrocarbylchlorosilane compounds, 
trihydrocaibylalkoxysilane compounds or similar agents. Residual hydroxyl functionality can be 
detected by the technique of Fourier Transform Infrared Spectroscopy (DRIFTS IR) as disclosed 
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in Fourier Transform Infrared Spectroscopy. P. Griffiths & J. de Haseth. 83 Chemical Analysis . 
Wiley Interscience (1986). p. 544. 

The inorganic oxide may be unfunctionalized excepting for surface hydroxyl 
groups as previously disclosed. In this embodiment of the invention the low hydroxyl content of 
the support leads to superior properties of the resulting supported catalyst, most likely due to lack 
of interference with the transition metal complex by the residual hydroxyl groups. Preferred 
hydroxyl contents of such support are less than 0.8 mmoyg, preferably less than 0.5 mmol/g. 

The inorganic oxide may also be functionalized by treating with a silane, 
hydrocarbyloxysilane, or chlorosilane ftmctionalizing agent to attach thereto pendant reactive 
silane functionality, as previously disclosed. Suitable ftmctionalizing agents are compounds that 
react with the surface hydroxyl groups of the inorganic oxide or react with the metal or metalloid 
atoms of the inorganic oxide matrix. Examples of suitable ftmctionalizing agents include 
phenylsilane, diphenylsilane, methylphenylsilane, dimethylsilane, diethylsilane, diethoxysilane. 
and chlorodimethylsilane. Techniques for forming such ftinctionalized inorganic oxide 
compounds were previously disclosed in US-A-3,687.920 and US-A-3,879,368. 

In a preferred embodiment the silane and the inorganic oxide are contacted, 
optionally in the presence of a hydrocarbon diluent, in the presence of a base assist, preferably a 
Cj^ trialkylamine. The reaction is conducted at a temperature from 0 to 1 lO^'C, preferably from 
20 to 50°C. Generally an excess of ftmctionalizing agent is employed. Preferred ratios of 
ftmctionalizing agent based on inorganic oxide are from I to 2500 mmol/g. As a result of the 
foregoing ftmctionalizing reaction, residual hydroxyl ftinctionality of the inorganic oxide is ftirther 
reduced to the previously mentioned low level of less than 1 .0 mmoUg. Preferably, the residual 
hydroxyl content of ftinctionalized supports is less than 0.8 mmol/g, and most preferably less than 
0.5 mmoyg. Highly preferably in preparing component A. a calcined silica is employed having 
initial (i. e. preftmciionalized) residual hydroxyl content less than 1.0 mmol/g, and from 1 to 20 
mmol of ftmctionalizing agent/g silica is employed. The molar ratio of base assist employed to 
ftmctionalizing agent is generally from 0.7:1 to 2.0:1. Unreacted ftmctionalizing agent is 
preferably removed from the surface of the inorganic oxide, for example, by washing with a liquid 
hydrocarbon, and the support is thoroughly dried prior to use in preparing supported catalyst 
systems. 

The inorganic oxide, the resulting support, or the supported caulyst system may 
also be treated with an aluminum component selected from an alumoxane or an aluminum 
compound of the formula AIR3. wherein R is as previously defined. Examples of suitable R 
groups include methyl, methoxy, ethyl, ethoxy. propyl (all isomers), propoxy (all isomers), butyl 
(all isomers), butoxy (aU isomers), phenyl, and benzyl. Preferably, the aluminum component is 
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selected from the group consisting of aluminoxanes and tri(C,.4 hydrocarbyl)aluminum 
compounds. Most preferred aluminum components are aluminoxanes. trimethyl aluminum, 
triethyl aluminum, triisobutyl aluminum, and mixtures thereof. 

Alumoxanes (also referred to as aluminoxanes) are oligomeric or polymeric 
aluminum oxy compounds containing chains of alternating aluminum and oxygen atoms, whereby 
the aluminum carries a substinient, preferably an alkyl group. The stracture of alumoxane is 
believed to be represented by the following general formulae (-AI(R)-0)m. for a cyclic 
alumoxane. and R2Al-0(-Al(R)-0)n,-AlR2. for a linear compound, wherein R is as previously 
defined, and m is an integer ranging from 1 to 50. preferably at least 4. Alumoxanes. are typically 
the reaction products of water and an aluminum alkyl, which in addition to an alkyl group may 
contain halide or alkoxide groups. Reacting several different aluminum alkyl compounds, such as 
for example trimethyl aluminum and tri isobutyl aluminum, with water yields so-called modified 
or mixed alumoxanes. Preferred alumoxanes are methylalumoxane and methylalumoxane 
modified with minor amounts of Cj^ alkyl groups, especially isobutyl. Alumoxanes generally 
contain minor to substantial amounts of starting aluminum alkyl compound. 

Particular techniques for the preparation of alumoxane type compounds by 
conucting an aluminum alkyl com^und with an inorganic salt containing water of ciy stall ization 
are disclosed in US-A- 4,542,1 19. In a particular preferred embodiment an aluminum alkyl 
compound is contacted with a regeneratable water-containing substance such as hydrated alumina, 
silica or other substance. This is disclosed in EP-A-338,044. Thus the alumoxane may be 
incorporated into the support by reaction of a hydrated alumina or silica material, which has 
optionally been funciionalized with silane. siloxane. hydrocarbyloxysilane. or chlorosilane groups, 
with a tri(C 1. 10 alkyl) aluminum compound according to known techniques. 

A treatment of the inorganic oxide material in order to also include optional 
alumoxane or trialkylaluminum loadings in addition to activator compound involves contacting the 
same before, after or simultaneously with addition of the activator compound hereunder with an 
alumoxane or trialkylaluminum compound, especially triethylaluminum or triisobutylaluminum. 
Optionally the mixture can also be heated under an inert atmosphere for a period and at a 
temperature sufficient to fix alumoxane or trialkylaluminum to the suppon, or the support 
component containing alumoxane or the trialkylaluminum compound may be subjected to one or 
more wash steps to remove alumoxane or trialkylaluminum not f«ed to the support. 

Besides contacting the support with alumoxane the alumoxane may be generated 
in situ by contacting an unhydrolyzed inorganic oxide or a moistened inorganic oxide with a 
trialkyl aluminum compound optionally in the presence of an inert diluent. Such a process is well 
known in the art, having been disclosed in EP-A-250,600, US-A-4,9 12.075, and US-A-5,008,228. 
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Suitable aliphatic hydrocarbon diluents include pentane, isopentane. hexane, heptane, octane, 
isooctane, nonane, isononane. decane, cyclohexane, methylcyclohexane and combinations of two 
or more of such diluents. Suitable aromatic hydrocarbon diluents are benzene, toluene, xylene, 
and other alkyl or halogen substituted aromatic compounds. Most preferably, the diluent is an 
aromatic hydrocarbon, especially toluene. After preparation in the foregoing manner the residual 
hydroxyl content thereof is reduced to the desired low level less than 1 .0 mmol of OH per gram of 
support, by any of the previously disclosed techniques. 

The anionic component of the activator compound B used according to the present 
invention corresponds to the formula: 

tDM'Q3]- 

wherein: 

D is a linking group comprising functionality capable of reaction with the 
inorganic oxide matrix, with residual hydroxyl functionality thereof, or with reactive silane 
functional groups of the optionally functionalized inorganic oxide, 

M' is boron or aluminum in an oxidation state of 3; and 

Q is a hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-, fluorinated 
hydrocarbyloxy-, or fluorinated silylhydrocarbyl- group of up to 20 nonhydrogen atoms. 

Most preferably, Q is each occurrence a fluorinated aryl group, especially, a 
pentafluorophenyl group. 

Preferred activator compounds are salts of the formula 
G-»*PM'Q3]V 

wherein G+e is the cationic remnant of a Bronsted acid salt, an oxidizing cation, a carbonium ion 
or a silylium ion; and e is an integer from 1 to 3. most preferably 1 . 

Suitable linking substituents, D. on compatible anions used with unmodified 
inorganic oxides or with inorganic oxide containing only residual hydroxyl functionality, include 
moieties bearing silane, siloxane, hydrocarbyloxysilane, halosilane, amino, carboxylic acid, 
carboxylic acid ester, aldehyde, ketone or epoxide functionality, containing from 1 to IxlO' 
nonhydrogen atoms, more preferably from 2 to 1000 nonhydrogen atoms, and most preferably 4 to 
20 nonhydrogen atoms. In practice, use of silane containing compatible anions may require use of 
a base catalyst, such as a tri(C ,^ alkyl)amine, to effect the reaction with a substrate containing 
only residual hydroxyl functionality. Preferably D for use with such unmodified inorganic oxide 
compounds is a silane or chlorosilane substituted hydrocarbyl radical. Preferred linking 
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substituents, D, include silyl-substituted aryl, silyl-substituted aralkyl, silyl-substituted alkaryl, 
silyl-substinited alkyU silyl-substituted haloaryl, or silyl-substituted haloalkyl groups, including 
polymeric linking groups, most preferably p-silylphenyl (-C6H4SiH3), p-silyltetrafluorophenyl 
(-C6F4SiH3). silylnaphihyl (-CioHgSiHj). silylperfluoronaphthyl (-CioFgSiHs).. and 2-silyl-l- 
ethyl(-C2H4SiH3), groups. 

Suitable linking substituems, D, on compatible anions used with inorganic oxides 
that have been modified with reactive silane functionality include moieties bearing silane, 
siloxane, hydrocarbyloxysilane, halosilane, hydroxyl, thiol, amino, carboxylic acid, caiboxylic 
acid ester, aldehyde, ketone or epoxide functionality containing from 1 lo 1x10* nonhydrogen 
atoms, more preferably from 2 to 1000 nonhydrogen atoms, and most preferably 4 to 20 
nonhydrogen atoms. Preferably D. in such circumstances is a hydroxyl substituted hydrocarbyl 
radical, more preferably a hydroxy -substituted aryl. hydroxy-substituted aralkyl, hydroxy- 
substimted alkaryl. hydroxy-substituted alkyl, hydroxy-substituted haloaryl, or hydroxy- 
substimted haloalkyl group including polymeric linking groups, most preferably hydroxyphenyl, 
hydroxytolyl, hydroxybenzyl. hydroxynaphthyl, hydroxybisphenyl. hydroxycyclohexyl, C,^ 
hydroxyalkyl, and hydroxy-polystyryl groups, or fluorinated derivatives thereof. A most preferred 
linking substiment. D, is a p-hydroxyphenyl. 4-hydroxybenzyl. 6-hydroxy-2-naphthyl group, 4-(4-- 
hydroxyphenyDphenyl. 4-((4'-hydroxyphenyl)dimethylmethylene)phenyI, or fluorinated 
derivatives thereof. A base catalyst, such as a tri(C,^ alkyl)amme, may also be used to assist m 

the reaction with the substrate. 

Most highly preferably, D is one of the foregoing hydroxy substituted substituents 
used in combination with a reacuve silane functionalized silica. 

Illustrative, but not limiting, examples of anionic components. [DM* Q3Y, of 
. activator compounds to be used in the present invention include tris(pentafluorophenyl)(4- 
hydroxyphenyl)boraLe,tris(pentanuorophenyI)(4-hydroxytetrafluorophenyl)borate,tris-(2,4- 
difluorophenyl)(4-hydroxyphenyl)borate.tris-(3,5-difluorophenyl)(4-hydroxyphenyl)borate,tns- 
(3,5-di-trifluoromethylphenyl)(4-hydroxyphenyl)borate,tris(pentafluorophenyl)(2- 
hydroxyethyDborate, tris(pentafluorophenylK4-hydroxybutyl)borate. tris(pentafluoro-phenyl)(4- 
hydroxycyclohexyl)borate,tris(pentafluorophenyl)(3.5-dimethyI-4-hydroxyphenyl)borate, 
tris(pentafluorophenyl)4-(4--hydroxyphenyl)phenyIborate, and tris(pentafluorophenyl)hydroxy- 
naphthylborate (all isomers, especially trisCpentafluorophenyl) (6-hydroxy-2-naphthyl)boraie. 

The cationic portion of the activator compound can be any cation which is capable 
of reacting with the transition metal compound to form a catalytically active transition metal 
complex- Preferably the cation is selected from the group consisting of Bronsted acid cations, 
carbonium cations, silylium cations, and cationic oxidizing agents. 
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Bronsied acidic cations may be represented by the following general formula: 
(L*-H)+ 



wherein: 



L* is a neutral Lewis base, preferably a nitrogen, phosphorus, oxygen, or sulfur 
containing Lewis base; and (L*-H)-^ is a Bronsted acid. 

Illustrative, but not limiting, examples of Bronsted acidic cations of activator 
compounds to be used in the present invention are trialkyl- substituted ammonium cations such as 
tnethylammonium, tripropylammonium. tri(n-buiyl)anunonium, trimethylammonium, 
inbutylammonium. Also suitable are N,N-diaUcyl anilinium cations such as N.N-dimethyl- 
anilinium. N,N-diethyIanilinium, N,N 2,4,6-pentamethylanilinium and the like; dialkyl ammonium 
cations such as di-(i-propyl)ammonium, dicyclohexylammonium and the like; and iriaryl 
phosphonium cations such as triphenylphosphonium, triCmethylphenyDphosphonium, 
in.dimethylphenyDphosphonium, diethyloxonium, dimethylsulphonium, diethylsulphonium, and 
diphenylsulphonium. 

A second type of suitable cation (depicted as ©+)is a stable carbonium or silylium 
ion containing up to 30 nonhydrogen atoms, the cauon being capable of reacting with a substituent 
of the transition metal compound and converting it into a catalytically active transition metal 
complex. Suitable examples of carbonium cations include tropyllium, triphenylmethylium. and 
benzene(diazonium) cations. Silylium salts have been previously generically disclosed in LChem 
<;nr Chem. Comm. . 1993, 383-384, as well as Lambert, J. B., et al., Organometallic^ . 1994, 13, 
2430-2443. Preferred silylium cations are trimethylsilylium, triethylsilylium and ether substimted 
adducts thereof. 

Another suitable type of cation (depicted as Oxe+) is a cationic oxidizing agent 
having a charge of e+, and e is an integer from 1 to 3. 

Examples of cauonic oxidizing agents include: ferrocenium, hydrocarbyl- 
substituted ferrocenium, Ag"*", and Pb2+. 

The activator compounds to be used in the present invention are readily prepared 
by combining a Group 1, Group 2 or Grignard metal derivative of the fiinctionalizing substituent. 
D, or a masked derivative thereof with a neutral precursor to the anion and thereafter contacting 
this reaction product with the chloride salt of the cation to be utilized. Examples of suitable metal 
derivatives include lithium or Grignard salts. The term "masked derivative" refers to the well 
known practice of utilizing an inert functionality during the preparation and converting the same 
to the desired, reactive functionality in a subsequent step by methods which are well known by 
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those skilled in the ait. For example, a iiimeihylsiloxy group may be present during the synthesis 
and subsequently converted to the desired hydroxyl group by hydrolysis. 

The support of the present invention generally comprises from 0.001 to 10 mmol 
of activator compound per gram of inorganic oxide, preferably from 0.01 to 1 mmol/g. At too 
high amounts of activator compound, the support becomes expensive. At too low amounts the 
catalyst efficiency of the resulting supported catalyst becomes unacceptable. Residual hydroxyl 
content after reaction with the activator compound is desirably less than 50 mole percent based on 
desired transition metal complex loading, more preferably less than 10 mole percent based on 
desired transition metal complex loading, most preferably less than 1 mole percent based on 
desired transition metal complex loading. 

The support of the present invention can be stored or shipped under inert . 
conditions as such or slurried in an inert diluent, such as alkane or aromatic hydrocarbons. It may 
be used to generate the supported catalyst of the present invention by contacting with a suitable 
transition metal compound optionally in the presence of a liquid diluent. 

Suitable transition metal compounds (C) for use in the supported catalyst of the 
present invention may be derivatives of any transition metal including Lamhanides, but preferably 
of Group 3. 4, or Lanthanide metals which are in the +2, +3. or +4 formal oxidation state meeting 
the previously mentioned requirements. Preferred compounds include metal complexes containing 
from 1 to 3 7t-bonded anionic ligand groups, which may be cyclic or noncyclic delocalized 71- 
bonded anionic ligand groups. Exemplary of such JC-bonded anionic ligand groups are conjugated 
or nonconjugated, cyclic or non-cyclic dienyl groups, allyl groups, and arene groups. By the term 
••7l-bonded" is meant that the ligand group is bonded to the transition metal by means of a 7t bond. 

Each atom in the delocalized 7C-bonded group may independently be substituted 
with a radical selected from the group consisting of halogen, hydrocarbyl, halohydrocarbyl, and 
hydrocarbyl-substinited metalloid radicals wherein the metalloid is selected from Group 14 of the 
Periodic Table of the Elements. Included within the term "hydrocarbyl" are C 1.20 straight, 
branched and cyclic alkyl radicals, C(^20 aromatic radicals, C7.20 alkyl-substituted aromatic 
radicals, and C7.20 aryl-substituted alky! radicals. In addition two or more such radicals may 
together form a fused ring system or a hydrogenaied fused ring system. Suitable hydrocarbyl- 
substituted organometalloid radicals include mono-, di- and trisubstituted organometalloid radicals 
of Group 14 elements wherein each of the hydrocarbyl groups contains from 1 to 20 carbon atoms. 
Examples of suitable hydrocarbyl-substituted organometalloid radicals include trimethylsilyl, 
triethylsilyl, ethyldimethylsilyl, iriethyldiethylsilyU triphenylgermyl, and trimethylgermyl groups. 
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Examples of suitable anionic, delocalized 7t-bonded groups include 
cyclopentadienyl. indenyl, nuorenyl, letrahydroindenyl. tetrahydrofluorenyl, octahydrofluorenyl, 
pentadienyl, cyclohexadienyl, dihydroanthracenyl. hexahydroanthracenyl, and 
decahydroanthracenyl groups, as well as Cj^io hydrocarbyl-substituted denvatives thereof. 

Preferred anionic delocalized 7t-bonded groups are cyclopentadienyl, 
pentamethylcyclopentadienyl, tetramethylcyclopentadienyl, indenyl, 2,3-dimethyliridenyl, 
fluorenyl, 2-methylindenyl and 2-methyl-4-phenyIindenyl. 

Suitable transition metal compounds C) may be any derivative of any transition 
metal including Lanthanides, but preferably of the Group 3, 4, or Lanthanide transition metals. 
More preferred are metal complexes corresponding to the formula: 

LiMXj,^' nX"p. or a dimer thereof 



L is an anionic, delocalized. TC-bonded group that is bound to M, containing up to 
50 nonhydrogen atoms, optionally two L groups may be joined together through one or more 
substituents thereby forming a bridged structure, and further optionally one L may be bound to X 
through one or more substituents of L; 

M is a metal of Group 4 of the Periodic Table of the Elements in the +2, +3 or 44 
formal oxidation state; 

X is an optional, divalent substituent of up to 50 non-hydrogen atoms that together 
with L forms a metallocycle with M; 

X* IS an optional neutral Lewis base having up to 20 non-hydrogen atoms; 

X" each occurrence is a monovalent, anionic moiety having up to 40 non- 
hydrogen atoms, optionally, two X" groups may be covalently bound together forming a divalent 
dianionic moiety having both valences bound to M, or form a neutral, conjugated or 
nonconjugated diene that is n-bonded to M (whereupon M is in the +2 oxidation state), or further 
optionally one or more X" and one or more X' groups may be bonded together thereby forming a 
moiety that is both covalently bound to M and coordinated thereto by means of Lewis base 
functionality; 
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n is a number from 0 to 3; 

p is an integer from 0 to 3; and 

the sum, I+m+p. is equal to the formal oxidation state of M. 

Preferred complexes include those containing either one or two L groups. The 
latter complexes include those containing a bridging group linking the two L groups. Prefeired 
bridging groups are those corresponding to the fomiula {ER-2)x wherein E is silicon or carbon, 
R* independently each occurrence is hydrogen or a group selected from silyl, hydrocarbyl, 
hydrocarbyloxy and combinations thereof, said R* having up to 30 carbon or silicon atoms, and x 
is 1 to 8. Preferably. R* independently each occurrence is methyl, benzyl, tert-butyl or phenyl. 

Examples of the foregoing bis(L) containing complexes are compounds 
corresponding to the formula: 




wherein: 

M is titanium, zirconium or hafnium, preferably zirconium or hafnium, in the +2 or 44 
fonnal oxidation state; 

R' in each occurrence independently is selected from the group consisting of hydrogen, 
hydrocarbyl, silyl, germyl. cyano, halo and combinations thereof, said R^ having up to 20 non- 
hydrogen atoms, or adjacent gn>ups together form a divalent derivative (that is, a 
hydrocarbadiyl, siladiyl or germadiyl group) thereby forming a fused ring system, and 



CID- <WO_871995aA1J_> 



PCT/US96/17140 

WO 97/19959 



X" independently each occurrence is an anionic ligand group of up to 40 nonhydrogen 
atoms, or two X" groups together form a divalent anionic ligand group of up to 40 nonhydrogen 
atoms or together are a conjugated diene having from 4 to 30 non-hydrogen atoms forming a n- 
complex with M, whereupon M is in the +2 formal oxidation state, and 

R*, E and x are as previously defined. 

The foregoing metal complexes are especially suited for the preparation of 
polymers having stereoregular molecular stnicnire. In such capacity it is preferred that the 
complex possess Cs symmetry or possess a chiral. stereorigid strucwre. Examples of the fust type 
are compounds possessing different delocalized 7t-bonded systems, such as one cyclopentadienyl 
. group and one fluorenyl group. Similar systems based on Ti(IV) or Zr(IV) were disclosed for 
preparation of syndiotactic olefin polymers in Ewen, el al., .1. Am.Chem. Soc. 1 10, 6255-6256 
(1980). Examples of chiral strxicwres include bis-indenyl complexes. Similar systems based on 
Ti(IV) or Zr(IV) were disclosed for preparation of isotactic olefin polymers in Wild et al., L 
Or pannmet. Chem, 232, 233-47, (1982). 

Exemplary bridged ligands containing two ic-bonded groups are: (dimethylsilyl- 
bis-cyclopentadienyl), (dimethylsilyl-bis-methylcyclopeniadienyl). (dimethylsilyl-bis- 
ethylcyclopentadienyl, (dimethylsilyl-bis-t-butylcyclopenudienyl), (dimethylsilyl-bis- 
tetramethylcyclopentadienyl).(dimethylsilyl-bis-indenyl).(dimethylsiiyl-bis-tetrahydroindenyl), 
(dimethylsilyl-bis-fluorenyl).(dimethylsilyl-bis-teirahydrofluorenyI),(dimethylsilyl-bis-2-methyl- 
4-phenylindenyl),(dimethylsilyl-bis-2-meihylindenyI),(dimethyIsilyl-cyclopenudienyl-fluorenyl), 
(1,1.2, 2-tetramethyH, 2-disilyl-bis-cyclopentadienyl). (1, 2-bis(cyclopentadienyl)ethane, and 
(isopropylidene-cyclopentadienyl-fluorenyl). 

Preferred X" groups are selected from hydride, hydrocarbyl, silyl. germyl, 
halohydrocarbyl. halosilyl, silylhydrocarbyl and aminohydrocarbyl groups, or two X" groups 
together form a divalent derivative of a conjugated diene or else together Aey form a neutral, n- 
bonded. conjugated diene. Most preferred X" groups are C1.20 hydrocarbyl groups. 

A further class of meul complexes utilized in the present invention correspond to 

the formula: 

LjMXmX' nX'p, or a dimer thereof 

wherein: 

L is an anionic, delocalized, 7t-bonded group that is bound to M. containing up to 
50 nonhydrogen atoms; 
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M is a metal of Group 4 of the Periodic Table of the Elements in the -4-2, +3 or +4 



X is a divalent substituent of up to 50 non-hydrogen atoms that together with L 
forms a metallocycie with M; 



X' is an optional neutral Lewis base ligand having up to 20 non-hydrogen atoms; 
X" each occurrence is a monovalent, anionic moiety having up to 20 non- 



hydrogen atoms, optionally two X" groups together may form a divalent anionic moiety having 
both valences bound to M or a neutral C5.30 conjugated diene, and further optionally X' and X 
may be bonded together thereby forming a moiety that is both covalently bound to M and 
coordinated thereto by means of Lewis base functionality; 



1 is 1 or 2; 
mis 1; 

n is a number from 0 to 3; 

p is an integer from 1 to 2; and 

the sum, 1+m+p, is equal to the formal oxidation state of M. 
Preferred divalent X substinients preferably include groups containing up 



nonhydrogen atoms comprising at least one atom that is oxygen, sulfur, boron or a member of 
Group 14 of the Periodic Table of the Elements directly attached to the delocalized n-bonded 
group, and a different atom, selected from the group consisting of nitrogen, phosphorus, oxygen 
sulfur that is covalently bonded to M. 



A preferred class of such Group 4 metal coordination complexes used according 



M is titanium or zirconium in the +2 or +4 formal oxidation state; 
-In- 



formal oxidation state; 



to the present invention correspond to the formula: 




wherein: 
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in each occurrence independently is selected from the group consisting of 
hydrogen, hydrocarbyl. silyl. germyl. cyano. halo and combinations thereof, said R' having up to 
20 non-hydrogen atoms, or adjacent groups together form a divalent derivative (that .s. a 
hydrocarbadiyl. siladiyl or germadiyl group) thereby forming a fused ring system. 

each X" is a halo, hydrocarbyl, hydrocarbyloxy or silyl group, said group having 
up to 20 nonhydrogen atoms, or two X" groups together form a C5.30 conjugated diene; 

Y is -0-. -S-, -NR*-, -PR*-; and 

Z is SiR*2. CR*2. SiR*2SiR*2' CR*2CR*2. CR*=CR*, CR*2^iR^2^ «^^*2. 
wherein: R* is as previously defined. 

Illustrative Group 4 metal complexes that may be employed in the practice of the 
present invention include: 
cyclopentadienyltitaniumirimethyl. 

cyclopentadienyltitaniumtriethyl, cyclopentadienyltitaniumtriisopropyl, 

cyclopentadienyltitaniumlriphenyl, 

cyclopeniadienyltitaniumtribenzyl, 

cyclopentadienyltitanium-2,4-pen^eny!,cyclopentadienyltitaniumdimethylmethoxide. 
cyclopentadienyltitaniumdimethyIchloride.pentamethylcyclopentadienyltitaniumtrmiet^ 

indenyltitaniumtrimethyl, 
indeny Ititaniumlriethy 1, 
indenyltitaniumtripropyl, 
indenyltitaniumtriphenyl. 
tetrahydroindenyltitaniumtribenzyl, 

pentamethylcyclopentadienyltitaniumtriisopropyl.pentamethylcyclopentadienyltitaniummbenzyl. 

pentamethylcyclopentadienyltitaniumdimethylmethoxide, 

pentamethylcyclopentadienyltitaniumdimethylchlotide, 

Cn*-2,4-dimethy 1- 1 ,3-pentadienyl)titaniumtrimethyi, 

octahydrofluorenyltitaniumtrimethyl, 

tetrahydroindenyltitaniumtrimethyl, 

tetrahydrofluorenyltitaniumtrimethyl, 

(1 i-dimethyl-2.3.4.9,10--n-l,4,5,6,7,8-hexahydronaphthalenyl)titaniumtrimethyl. 
(11 2 3-teuamethyl-2,3.4.9,l0-i1-1.4,5,6.7,8-hexahydronaphthalenyl)titaniumtrimethyl. 
(tert-butylamidoXtetramethyl-n'-cyclopentadienyl) dimethylsilanetitanium dichlonde, 
(tert-butylamidoXtetramethyl-Tl'-cyclopentadienyDdimethylsilanetitaniumdtmeihyl. 
(tert-butylamido)(tetramethyl-Ti'.cyclopentadienyl)-l,2-ethanediyUUanium dimethyl. 
(tert-butylamido)(tetramethyl-V-indenyl)dimethylsilanetitanium dimethyl, 
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(terl-buiylamido)(tetramethyl-Tl'-cyclopentadienyl)dimethylsilane titanium (III) 2- 

(dimethylamino)ben2yJ; 
(teii-butylamido)(tetramethyl-Tl'-cyclopentadienyl)dimethylsilanetitanium (III) allyl. 

(tert-butylamido)(tetramethyl-Ti'-cyclopentadienyl)diinethyI-silanetiianiuin (II) 1 .4- 

diphenyl- 1 ,3-butadiene, 
(tert-butylamido)(2-methylindenyl)dimeihylsilanetitanium (II) 1 ,4-diphenyl- 1 .3-butadiene, 
(terl-butyIamido)(2-methylindenyl)diinethylsilanetitanium(IV) 1 ,3-butadiene, 
(tert-buiy lamjdo)(2.3-dimeihyHndenyl)dimethylsilaneuianium (11) 1 .4- 

diphenyl-1 .3-butadiene, 
(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (IV) 1 ,3-butadiene, 
(iert-butylamido)(2,3-dimethylindenyl)diinethylsilanetitanium (U) 1,3-pentadiene, 
(tert-butylamido)(2-methyIindenyl)dimethylsilanetitaniunti (D) 1,3-pentadiene. 
(ten-butylamido)(2-methyIindenyl)dimeihylsilanetitanium (IV) dimethyl. 
(tert-butyIainido)(2-methyl-4-phenyIindenyl)dimethylsiIanetitanium(II)l,4-diphenyl-1.3- 

butadiene. 

(tert-butylamido)(tetrameihyl--n'-cyclopentadienyl)dimeihyl-silanetitanium (IV) 1 3- 
butadiene, 

(tert-butylaiTudo)(tetramethyl-V-cyclopentadienyl)diinethyl-silanetitaniun. (H) 1.4- 

dibenzy I- 1 ,3-butadiene, 
(,ert-butyia^lido)(tet^amethy^Tl^cyclopentadienyl)dimethyI-si^anetitanium (0)2.4- 

hexadiene, 

(tert-butylainido)(ietrainethyl-Tl'-cyclopentadienyl)diniethy!-siIanetitanium (II) 3-inethyl- 1,3- 
pentadiene, 

(tert-butylamido)(2,4-ditnethyM,3-pentadien-2-yl)dimethyl-silanetitaniumdimethyl, 
(tert-butylamido)(l.l-dimethyl-2,3,4,9.10-Tl->,4,5.6,7,8-hexahydronaphthalen-4- 

yOdimethylsilanetitaniumdimethyl, and 
(tert-butylaniido)(1.1.2,3-tetramethyI-2,3,4,9,l()-Ti-l,4,5.6,7,8-hexahydronaphd.alen-4^ 

yl)dimethylsilanetitaniumdimethyl. 

Bis(L) containing complexes including bridged complexes suitable for use in the 
present invention include: 
biscyclopentadienylzirconiumdimelhyl, 
biscyclopentadienyltitaniumdiethyl, 
biscyclopeniadienyltitaniumdiisopropyl. 
biscyclcpentadienyltitaniumdiphenyl, 
biscyclopentadienylzirconium dibenzyl, 

biscyclopentadienyltitanium-2.4-pentadienyl.biscyclopentadienyltitaniumn.ethylmethoxide. 
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biscyclopentadienyhitaniummethylchloride.bispentamethylcyclopentadienylmaniumdimethyl, 

bisindenyUiianiumdimeihyl, 

indenylfluorenyltiianiumdiethyl, 

bisindenyUitaniummethyl(2-(dimethylamino)benzyl), 

bisindenyltitanium methyltrimethylsilyl, 

bistetrahydroindenyltitanium methyltrimethylsilyl, 

bispentamethylcyclopentadienyltitaniumdiisopropyl, 

bispeniamethylcyclopentadienyltitaniumdibenzyl, 

bispemamethylcyclopentadienyltitaniummethylmeihoxide, 

bispentamethylcyclopentadienyllitaniummethylchloride. 

(dimelhylsilyl-bis-cyclopeniadienyl)zirconiumdimethyl. 

(diinethylsilyl-bis-peniamethylcyclopentadienyl)iitanium-2.4-pentadienyI. 

(dimethylsilyl-bis-t-butylcyclopentadienyl)zirconiumdichloride, 

(methylene-bis-pentamethylcyclopenladienyl)titanium(ni)2-(dimethylarnino)benzyl. 

(dimeihylsilyl-bis-indenyl)zirconiumdichloride, 

(dimelhylsilyl-bis-2-methylindenyl)zirconiumdimethyl. 

(dimethylsilyl-bis-2-methyl-4-phenylindenyl)zirconiumdimethyl. 

(diinethylsilyl-bis-2-methylindenyl)zirconium-1.4-diphenyl-l,3-butadiene, 

(dimethylsilyl-bis-2-methyl-4-phenylindenyl)zirconiuin (H) l,4-diphenyl-1.3-bmadiene, 

(dimethylsilyl-bis-tetrahydroindenyl)zirconium(n)l,4-diphenyH,3-butadiene, 

(dimeihylsilyl-bis-fluorenyl)zirconiumdichloride, 
(dimethylsilyl-bis-tetrahydronuorenyl)zirconiumdi(trimethylsilyl), 
(isopropylidene)(cyclopentadienyl)(fluorenyl)zirconiumdibenzyl, and 
(dimethylsilylpentamethylcyclopentadienylfluorenyDzirconiuindimeihyl. 

Other compounds which are useful in the preparation of catalyst compositions 
according to this invention, especially compounds comaining other Group 4 metaJs. will, of 
course, be apparent to those skilled in the art. 

Generally, the ratio of moles of activator compound (B) to moles of transition 
metal compound (C) in the supported catalyst is from 0.5:1 to 2:1. preferably from 0.5:1 to 1.5:1 
and most preferably from 0.75: 1 to 1.25:1. At too low ratios the supported catalyst will not be 
very active, whereas at too high ratios the catalyst cost becomes excessive due to the relatively 
large quantities of activator compound utilized. The quantity of transition metal complex 
chemically bound to the inorganic oxide matrix in the resulting supported catalyst is preferably 
from 0.0005 to 20 mmoyg. more preferably from 0.001 to 10 mmol/g. 
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The supported catalyst of the present invention can be prepared by combining the 
support material, the activator compound and the metal complex in any order. Preferably, the 
inorganic oxide material is first treated with the activator compound by combining the two 
components in a suitable liquid diluent, such as an aliphatic or aromatic hydrocarbon to form a 
slurry. The temperature, pressure, and contact time for this treatment are not critical, but generally 
vary from -20"'C to ISCC, from 1 Pa to 10,000 MPa. more preferably at atmospheric pressure 
( 100 kPa), for 5 minutes to 48 hours. Usually the slurry is agitated. After this treatment the solids 
are typically separated from the diluent. 

Before using the support of the invention, the diluent or solvent is preferably 
removed to obtain a free flowing powder. This is preferably done by applying a technique which 
only removes the liquid and leaves the resulting solid, such as by applying heat, reduced pressure, 
evaporation, or a combination thereof. Alternatively, the support may be ftiither contacted with 
the transition metal compound (C) prior to removing the liquid diluent. If so contacted the 
transition metal compound is preferably used dissolved in a suitable solvent, such as a liquid 
hydrocarbon solvent, advantageously a C5.10 aliphatic or cycloaliphatic hydrocarbon or a Cfe-iO 
aromatic hydrocarbon. Alternatively, a suspension or dispersion of the transition metal compound 
in a nonsolvent may also be used. The contact temperature is not critical provided it is below the 
decomposition temperature of the triHTition metal and of the activator. Good results are obtained 
in a temperature range of 0 to lOO'C. The contact may be total immersion in the liquid medium or 
contact with an atomized spray of the solution, dispersion or suspension. All steps in the present 
process should be conducted in the absence of oxygen and moisnire. The resulting supported 
catalyst may be stored or shipped in free flowing form under inert conditions after removal of the 
solvent. 

The supported catalysts of the present invention may be used in addition 
polymerization processes wherein one or more addition polymerizable monomers are contacted 
with the supported catalyst of the invention under addition polymerizauon conditions. 

Suitable addition polymerizable monomers include ethylenically unsaturated 
monomers, acetylenic compounds, conjugated or non-conjugated dienes, and polyenes. Preferred 
monomers include olefins, for examples alpha-olefins having from 2 to 20,000, preferably from 2 
to 20. more preferably from 2 to 8 carbon atoms and combinations of two or more of such alpha- 
olefins. Particularly suitable alpha-olefins include, for example, ethylene, propylene, 1-butene, 1- 
pentene,4-methylpentene-l, 1-hexene, 1-heptene, 1-octene. 1-nonene, 1-decene. 1-undecene, 1- 
dodecene. 1-tridecene, 1-ietradecene, 1-pentadecene, or combinations thereof, as well as long 
chain vinyl terminated oligomeric or polymeric reaction products formed during the 
polymerization, and Cjo-SO a-o>efins specifically added to the reaction mixture m order to 
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produce relatively long chain branches in the resulting polymers. Preferably, the alpha-olefins are 
ethylene, propene, 1-butene, 4-methyl-pentene-l. 1-hexene, 1-octene. and combinations of 
ethylene and/or propene v.ith one or more of such other alpha-olefins. Other preferred monomers 
include styrene. halo- or alkyl substinited sryrenes, tetrafluoroethylene, vinylcyclobutene, 1.4- 
hexadiene, dicyclopentadiene, ethylidene norbomene. and 1 ,7-octadiene. Mixtures of the above- 
mentioned monomers may also be employed. 

The supported catalyst can be formed in situ in the polymerization mixture by 
introducing into said mixnire both a support of the present invention, or its components, as well as 
a suitable transition metal compound (C). The supported catalyst can be advantageously 
employed in a high pressure, solution, slurry or gas phase polymerization process. A high 
pressure process is usually carried out at temperatures from 100 to 400«'C and at pressures above 
500 bar. A slurry process typically uses an inert hydrocarbon diluent and temperatures of from 
QOC up to a temperature just below the temperanire at which the resulting polymer becomes 
substantially soluble in the inert polymerization medium. Preferred temperamres are from 400C to 
1 15»C The solution process is carried out at temperatures from the temperature at which the 
resulting polymer is soluble in an inert solvent up to 275»C. preferably at temperamres of from 
130°C to Wc, more preferably from 150»C to 240-0. Prefeired inert solvents are C^.20 
hydrocarbons and preferably C5.10 aliphatic hydrocarbons, including mixtures thereof. The 
solution and slurry processes are usually carried out at pressures between 100 kPa to 10 MPa. 
Typical operating conditions for gas phase polymerizat.ons are from 20 to 100°C, more preferably 
from 40 to SO^C. In gas phase processes the pressure is typically from 10 kPa to 10 MPa. 
Condensed monomer or diluent may be injected into the reactor to assist in heat removal by means 
of latent heat of vaporization. 

Preferably for use in gas phase polymerization processes, the support has a 
„,edian particle diameter from 20 to 200 m™. more preferably from 30 pm to 150 pm, and most 
preferably from 50 pm to 100 jrni. Preferably for use in slurry polymerization processes, the 
support has a median particle diameter from 1 to 200 pm, more preferably from 5 pm to 100 pm. 
and most preferably from 20 pm to 80 jun. Preferably for use in solution or high pressure 
polymerization processes, the support has a median particle diameter from 1 to 40 pm, more 
preferably from 1 pm to 30 Mm, and most preferably from 1 jim to 20 Mm. 

In the polymerization process of the present invention, scavengers may be used 
which serve to protect the supported catalyst from catalyst poisons such as water, oxygen, and 
polar compounds. These scavengers are generally used in varying amounts depending on the 
amounts of impurities. Prefen-ed scavengers include the aforementioned organoaluminum 
compounds of the formula AIR3 or alumoxanes. 
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In the present polymerization process, molecular weight control agents can also be 
used. Examples of such molecular weight comrol agents include hydrogen, trialkyl aluminum 
compounds or other known chain transfer agems. A particular benefit of the use of the presem 
supported catalysis is the ability (depending on reaction conditions) to produce narrow molecular 
weight distribution a-olefin homopolymers and copolymers. Preferred polymers have Mw/Mn of 
less than 2.5, more preferably less than 2.3. Such narrow molecular weight distribution polymer 
products, especially those from a slurry process are highly desirable due to improved tensile 
strength properties. 

Having described the invention the following examples are provided as further 

illustration thereof and are not to be construed as limiting. Unless slated to the contrary all parts 

and percentages are expressed on a weight basis. The bulk density of ihe polymers produced was 

determined according to ASTM 1 895. 

FVAMPLES 

Fx ample 1 

Ala. Synthesis of (4-bromophenoxy)trimethylsilane BrC5H4-p-OSiMe3 

1 1 1,3,3,3-hexamethyldisilazane ( 100 ml; 98 peicem purity; 0.464 mol) was 
added to B1C6H4-P-OH (40.3 g; 0.1 16 mol) and heated to reflux for 2 hours. After coohng to 
75''C the excess 1.1,1,3,3,3-hexamethyldisilazane was separated by distillation (120°C) and the 
residue purified by flash chromatography using silica (Davison 948, 800"C, pentane). The 
product was a colorless liquid. Yield: 50 g (88 percent) 
Alb. Synthesis of MgBrC5H4-p-OSiMe3 

Magnesium turnings (1.20 g; 49.4 mmol) were mixed with THF (4 ml) followed 
by 1 2-dibromoethane (0.25 ml; 2.87 mmol) in a 100 ml 3-necked flask. The mixwre began to 
reflux and a solution of 4-bromophenoxytrimethylsilane (7.5 ml; 38.8 mmol) in THF (32 ml) was 
added dropwise through a syringe over a period of 15 minutes. The resulting reaction mixture 
was further refluxed for 1 hour and then cooled to 25«'C. The dark gray solution was filtered and 
titrated with 2-butanol in the presence of 5-methyl-MO-phenanthroline. Yield: 81 percem (0.87 
M, 36 ml). 

Ale. Synthesis of [MgBr,2THFll(C6F5)3B(C6H4-p-OSiMe3)l 

Asolutionof B(C6F5)3(15.85g;31 mmol)in 100 ml diethyl ether was treated 
with freshly prepared MgBK:6H4-p-OSiMe3 (35.5 ml; 0.87 M in niF) at room temperamre. The 
" reaction mixture was stirred for 16 hours. 100 ml pentane was added and the mixmre further 
stirred for 30 minutes to form a two layer mixmre. TTie upper pentane layer was decanted and the 
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lower layer was ft^rther washed with peniane (50 mJ) two t,mes. The resulting symp was 
evaporated ur,der reduced pressure to obtair, the ^.^C^ 
'11 NMR (d" -THF) 5 4- 0.18 (s. 9H. -SiMcs). 6.45 (d, 2H, C6H4), 7.06 (d, 2H. C6H4). F (d 
-THF) 5 -131.1 (d), -167.2 (t). -169.9 (t). (d«-THF) 5 + 0.46 (s, -Sme^), 1 17-153 (C^^yl) 
Aid. Synthesis of dimethylanilinium (4-hydroxyphcnyl)tris(penta-nuorophenyl)borate 
( PhMe2NH]l(C6F5)3B(C6H4-p-OH)l 

IMgBr 2THF][(C6F5)3B(C6H4-p-OSiMe3)] (22.1 g; 23.9 trimol) and aqueous 
NMc.Ph HCl solution (100 ml; 0.312 M; 31.2 nunol) were stirred at room temperature for 16 
hours" The resultmg H^O solution was carefully decanted and the viscous solid was washed wuh 
d.sullcd H.O (6 X 150 ml) and rinsed with pentane (3 x 100 ml) and dried under reduced 
p.es.ure. Yield: 13.2 g (76 percent), 'h NMR (d^THF) 8 . 3.22 (s, 6R -NHMe.Ph), 6.40 (d 
:H.C,H4),7.05(d,2H.C,H4).7.4-7.7(m.5H.NHMe,Ph). (d»-THF) 6 -131.1(d), -167. 8(t), 
. 169.9(i». "C (d" -THF) 5 + 46.3 (NHMe2Ph), 1 12-158 (Caryj). 

Ala. Synthesis of 4-((4'.bromophenyl)phenoxy)trimethylsilane BrC6H4-C6H4-p-OSiMe3 

1 1 1 3 3 3-Hexamethyldisilazane (75 ml; 98 percent purity; 0.348 mol) was 
added to BK:,H;-C6H4-P-0H (30 g; 0.1 17 mol) and heated .0 reflux for 4 hours. After coolmg 
to ^5 °C the solid product was HUered and rinsed with cold pentane ( 50 ml; 0 «"C). The crude 
product was then dissolved in diethylether and purified by flash chromatography of sihca 
(Davison 948, 800°C. pentane). The product was a white crystalline solid. Yield: 33.6 g (89 
percent) 

Alb. Synthesis of MgBrC6H4-C5H4-p-OSiMe3 

Magnesium powder (50 mesh; 0.47 g; 19.3 mmol) was mixed with THF (5 ml) in 

a 3-necked flask. 1,2-dibromoethane (0.25 -;;f7 mmol) was ^^^^y^^^^^^^^^^^^^ 
heated to reflux vigorously. A THF solution ( 1 1 ml) of BK:6H4-C6H4-p-OSiMe3 (3.U g, 

rmnol) was added dropwise through a syringe over a period of 20 minutes under reflux 
conditions. 'H.e resulting hot reaction mixture was cooled to 25»C in 1 .5 hours. Ibe darlc gray 
solution was filtered and titrated with 2-butanol in the presence of 5-methyl- 1 ,10-phenanthrohne. 
Yield: 87 percent (0.76 M, 10.9 ml). 

A2c. Synthesis of lMgBr-2THF][(C6F5)3B(C6H4-C6H4-p-OSiMe3)] 

A solution of B(C6F5)3 (3-24 g; 6.33 mmol) in 50 ml diethyl ether was treated 
with freshly prepared MgB,C,H4-C,H4-p-OSiMe3 (10.4 ml; 0.76 M; 8.13 mmol) at room 
temperature. The resulting mixmre was stirred for 3 hours, worked up, and recovered followmg 
the procedure of Example 3Alc). Yield: 6.84 g (84 percent) 
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A2d. Synthesis of dimethylanOinium 4-((4'-hydroxyphenyI)phenyl)- 
tris(pentanuorophenyl)borate[PhMe2NHr[(C6F5)3B(C5H4-C6H4-p-OH)r 

The procedure of lAld) is substantially repeated. Yield: 84 percent 
A3a. Prepararion of 2-bromo-6-trimethyIsiloxynaphthalene 

A slurry of 10.0 g 2-bromo-6-naphthol in 30 mL Me3SiNHSiMe3 was stirred 
under argon for 2 hours. At this time, the excess silane reagent was removed under reduced 
pressure. The remaining solids were dissolved in 20 mL peniane and eluted down a 2 inch (5 cm) 
pad of silica. The solvent was removed under reduced pressure yielding 11. 5 g of 2-bromo-6- 
trimethylsiloxynaphthalene as a white, crystalline solid. 'H NMR (CDCI3): -0.'40 (s, 9 H, SiMc3), 

6.4-7.3 (m, 6 H, aromatic H) ppm. 

A3b. Preparatton of 6-(triniethyIsiloxy-2-naphthyl)tris(pentafluoro-phenyl)borate 
MgBr2 (Et20)x (MgBr2(Et20)3,[6-Me3SiOC ioH6-2-B(C6F5)3l) 

A slurry of 0.7 g Mg powder in 1 0 mL THF was activated by addition of 0. 1 mL 
BiCH2CH2Br and heated to a gentle reflux. A solution of 5.0 g 2-bromo-6- 
trimethylsiloxynaphthalene in 5 mL THF was added over a 30 minute period. At this time a 0.5 
mL aliquot of the cooled solution was titrated with isopropyl alcohol. The remaining 13.9 mL of 
0.758 M Grignard solution was added to a slurry of 5.39 g [B(C6F5)3l in 30 mL EtjO. The 
mixture was stirred for 20 hours, during which time a white precipitate formed. The solids were 
collected by filtration, washed with EtoO and pentane, and dried under reduced pressure. Yield: 
6.81 g MgBr2(Et,0)x[6-Me3SiOCioH6-2-B(C6F5)3]. 'H NMR (THF-dg): 0.28 (s, 9 H, SiMe3), 
6.8-7.7 (m, 6 H, aromatic H) ppm. "F{'H} NMR (THF-d8): - 123.0 (d. Jf.f = 19,5 Hz, ortho F). 
-159.4 (m, mew F), -161.9 (t, Jp.F = 23 Hz, para F). 

A3c. Preparation of dlmethylanilinium (6-hydroxy-2-napiithyl)tris(penta- 
fluorophenyl)boratePhMe2NH-^I6-HOCioH6-2-B(C6F5)3] 

The 6.81 g MgBr2(Et20)xl6-Me3SiOC joH6-2-B(C6F5)3l prepared above were 
slurried in distilled water with an excess of PhMCiNHCl for 4 hours. TTie water solution was 
decanted and the solids washed with several portions of distilled water. The resulting solids were 
dissolved in 10 mL methanol. The methanol was subsequently removed under reduced pressure 
to yield PhMe2NH[6-HOC,oH6-2-B(C6F5)3] as a white, crystalline solid. Yield: 4.34 g. H 
NMR (THF-dg): 3.02 (6 H, NMe2), 6.6-7.5 (1 1 H. aromatic H) ppm. "F( IH) NMR (THF-dg): 
-123.1 (d, Jp.F = 20.6 Hz, ortho F). -159.4 (m, meta F), -161.8 (t, Jf,f = 23 Hz. para F). 



-22- 



CID- <WO_9719958A1_l_» 



wo 97/19959 



PCTAJS96/17140 



B. Preparation of phenylsilane modified silica (PhHjSi-O-Silica) 

A pentane (150 ml) slurry of 10 g of DavisonTM 948 (800 "O silica (available from 
Davison division of Grace Chemical Co.) was treated with phenylsilane (PhSiHj) (2.70g; 0.025 
mol) and trielhylamine (NEt3) (2.53 g; 0.025 mol) via a syringe under argon atmosphere at 23 "C. 
Hydrogen gas evolved from the solution vigorously. The resulting mixture was agitated for 12 h. 
The phenylsilane-modified silica was collected on a frit under argon, washed with pentane (5x5 ml), 
and dried under reduced pressure. Yield was 10.43g. DRIFTS IR: n (Si-H) 2178 cm" 1 (vs). -^S. 
CPMAS:5-23ppm. Hydroxyl content of the functionalized silica was undetectable «0.1 mmol./g) . 

C. Preparation of the supported anilinium borate ([NHMe2Phl+I(C6F5)3B (C6H4-P-O. 
SiHPh-O-Silica)]- 

An ether (30 ml) slurry of phenylsilane-modified silica (3.00 g) was treated with 
,00 ml of an ether solution of [NHMe2Phn(C6F5)3B(C6H4-p-OH)l- (1.05 g; 1-44 mmol) at room 
temperature under an argon atmosphere. Hydrogen gas evolved from the solution for 10 min. The 
solution was stirred for 15 h and the resulting white solid was filtered, washed with ether (5x20 ml) 
a„dpentane(3x20ml).anddriedunderreducedpressure. Yield was 3.71 g. DRIFTS lR:n (Si-H) 
2190cm-l (m);n(N-H)3239cm-l (s). 29si CPMAS: -O-SiHPh-OSilica (s. -41 ppm). G 
CPMAS: NHMezPh (s, 48.5 ppm). 

D. Slurry Batch Reactor Polymerizatioii 

A 2 liter autoclave reactor was evacuated at 80 °C overnight prior to use. A 
heptane (300 ml) slurry of phenylsilane functionalized- silica-supported anilinium (4- 
hydroxyphenyl)tris(pentanuorophenyl) borate, ([NHMe2Phll(C6F5)3B (C6H4-p-0-S.HPh- 
OSilica)! ) (200 mg). was treated with (,-butylamido)dimethyl (tetramethyl-T^^-cyclopentadienyl)- 
silanetitanium dimethyl(10 mg; 31 mmol). The catalyst mixture was transferred via vacuum mto 
the preheated reactor. Ethylene was quickly admitted to 200 psig (1.4 Mpa) and the reactor 
temperamre was maintained at 7^ "C via a recirculating water bath. Ethylene was fed on demand 
via a mass flow controller. Polyethylene yield after 10 minutes reaction was 7.14 g. Mw=745.600, 
Mw/Mn = 2.465. 
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Fxample 2 

A. The activator of example lAld was employed. 

B. Preparation of diphenylsilane-modified silica (Ph2HSi-0-Sllica) 

A pentane (200 ml) slurry of Davison^^* 948 (800 °C) silica (20.0 g) was treated" 
with Ph2SiH2 (8.67 g; 0.047 mol) and NEt3 (5.08 g; 0.050 mol) via a syringe under argon at room 
temperature. Hydrogen gas evolved from the solution vigorously. The resulting mixttire was 
agitated for 12 h. The diphenylsilane-modified silica was collected on a frit under argon, washed 
wuh pentane (5x10 ml), and dried under reduced pressure. Yield: 20.87 g. DRIFTS IR: n (Si-H) 
2169 cm-' (m). Residual hydroxy! content was undetectable (<0.1 mmol/g silica). 

C Preparation of the diphenylsUane functionalized silica supported anilinium (4- 
phenyI)tris(pentalluorophenyl)borate([NHMe2Phr[(C6F5)3B(C6H4-p-O.SiPh2-0-Silica)]- 

A diethylether (30 ml) slurry of diphenylsilane-modified silica (3.00 g) was treated 
with a diethylether (100 ml) solution of [NHMe2Ph]+[(C6F5)3B (C6H4-p-OH)r d-OO g; 1.38 
mmol) at room temperature under an argon atmosphere. The sohition was stirred for 15 h and the 
resulting white solid was filtered, washed with ether (5x20 ml) and pentane (3x20 ml), and dried 
under reduced pressure. Yield was 3.11 g. 

Dl. Slurry Batch Reactor Polymerization 

A 1 gallon Hoppes autoclave purchased from Autoclave Engineers Inc. was initially 
charged with 1 850 grams of anhydrous hexane. The reactor vapor space was then swept twice with 
a 5 mol percent hydrogen/ ethylene gas mixnire and vented between each sweep. The reactor was 
then brought up to 80 X temperamre and then vented to the solvent vapor pressure of 13 psig (190 
kPa). The hydrogen/ethylene mixmre was then added to increase the reactor pressure to 53 
psig.(470 kPa). Ethylene was supplied by a demand feed regulator with a set pressure of 180 
psig ( 1 3 MPa) The slurry catalyst was prepared by mixing 0.07 g of the diphenylsilane-modified 
silica supported anilinium borate, [NHMe2Ph]-^l(C6F5)3B (C6H4-p-0-SiPh2-OSilica)]-), 20 ml of 
mixed alkanes solvent (Isopar E™ available from Exxon Chemicals Inc.. and 0.21 ml (0.0717M, 15 
mmol) of a solution of (t-butyl)amidodimethyl(tetramethyl-Tl'-cyclopentadienyl)silaneutanium 
dimethyl and stirring for 15 minutes. The catalyst slurry was then injected into the reactor via a 
stainless steel pressurized cylinder. After 60 minutes, the polymer sample was removed from the 
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reactor, filtered, and the powder placed in a drying tray in a vacuum oven at 80 X for 
approximately 30 minutes. 20.4 g of polyethylene was isolated (29,800 gPE/gTi). 

D2. Solution Batch Reactor Polymerizatioii 

A stirred, one gallon autoclave reactor was charged with 1445 g of Isopar E™ 
and 126 g of 1-ociene and heated to 130 X. The reactor was then charged with 37 psig (360 kPa) 
of hydrogen followed by ethylene sufficient to bring the total pressure to 450 psig.(3.1 Mpa) The 
catalyst was prepared by stirring 0.15 g of the diphenylsilane-modified silica supported anilinium ^ 
borate, [NHMe2Ph]n(C6F5)3B(C6H4-p-0-SiPh2-OSilica)r. 20 ml of Isopar E™, and 0.42 ml of 
a solution of (t-butyl)amidodimethyU«etramethyl-Tl^cyclopentadienyl)-silanetiiamum dimethyl 
(0 0717M. 30 mmol) for 15 minutes. The catalyst slurry was injected into the reactor and the 
reactor temperamre and pressure maintained by continually feeding ethylene during the 
polymerization and cooling the reactor as required. After 10 minutes, the reactor contents were 
transferred into a mtrogen purged resin kettle containing 0.2 g of antioxidam (Irganox 1010 
available from Ciba Geigy Co.). The sample was dried for 15 h in a vacuum oven to yield 93.4 g 
of copolymer (65,000 gPE/gTi). 

Kxample 3 

Bl. Preparation of phenylsaane-modified silica, PhHaSi-OSilica 

Silicas having residual hydroxy! content of 0.5 mmol/g were obtained by 
calcining various silicas at 800 "C (Davison 948, Davison 952, and Sylopol™-2212, available 
from GRACE Davison Corporation). 20.0 g of the calcined silicas >vas slurried in P^^tane (150 
^) andtTeated with PhSiHj (6 ml; 0.048 mol) and triethylaluminum (6 ml; 0.043 mol) added vta 
a syringe under argon atmosphere at room temperamre. Hydrogen gas evolved from the solution 
vigorously. The resulting mixmre was agitated in a shaker for 12 hours. The phenylsUane- 
n^odified silicas were collected on a frit under argon, washed with pentane (5 x 20 ml), and dned 
under reduced pressure. Yields were approximately 21.0 g. DRDTS IR: v (Si-H) 2178 cm-1 (vs). 
^'Si CPMAS: 5 -23 ppm. Residual hydroxyl contems were undetected (<0.1 mmoVg silica). 
B2. Preparation of dlmethylsilane modified silica, McjHSi-OSilica 

A pentane (200 ml) slurry of GRACE Davison 948 (800 C; 0.5 mmol -OH/g) 
sUica (30.0 g) was^eated with (Me2HSi)2NH (3.0 g; 22.5 mmol). The resulting mixture was 
agitated in a shaker for 12 hours. The dimethylsilane-modif.ed silica was collected on a frit under 
argon, washed with pentane (5 x 20 ml), and dried under reduced pressure. Yield: 30.95 g. 
DRIFTS IR: v (SiH) 2158 cm- 1 (s). ''Si CPMAS: 6-1 .3 ppm. 
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B3. Preparation of diethylsilane-modified silica, Et2HSi-OSiUca 

A toluene (50 ml) slurry of GRACE Davison 948 (800 C; 0.5 mmol -OH/g) silica 
(2.5 g) was treated with Et2H2Si (0.90 g; 97 percent; 10.2 mmol) and NEtj (1.05 ml; 7.5 mmol). 
The resulting mixture was refluxed for 12 hours. The resuhing solution was cooled to 25 C and 
the diethylsilane-modified silica product was collected on a frit under argon, washed with pentane 
(5 X 20 ml), and dried under reduced pressure. Yield: 2.7 g. DRDrTS IR: v (Si-H) 2141 cm ' (s). 
"Si CPMAS: 5+5 ppm. 

B4. Preparation of phenylmethylsilane-modined silica, PhMeHSi-OSilica 

A heptane (350 ml) slurry of GRACE Davison 948 (SOO'C; 0.5 mmol -OH/g) 
silica (30.0 g) was treated with PhMeHjSi (9.15 g; 97 percent; 72.8 mmol) and NEtg (10.5 ml; 75 
mmol). The resulting mixture was refluxed for 12 hours in an overhead stirrer under argon 
atmosphere. The resulting solution was cooled to 25 C and the phenylmethylsilane-modified 
silica product was collected on a frit under argon, washed with pentane (5 x 30 ml), and dried 
under reduced pressure. Yield: 31.73 g. DRIFTS IR: v (Si-H) 2160 cm ' (s). ^'Si CPMAS: 5 -6 
ppm. 

B5. Preparation of diphenyisUane-modified silica, Ph2HSi-OSillca 



A pentane (150 ml) slurry of GRACE Davison 948 (SOOX; 0.5 mmol -OH/g) 
silica (20:0 g) was treated with Ph2SiH2 (9 ml; 98 percent; 44.7 mmol) and NEtj (6.2 ml; 44.5 
mmol) through syringe under argon atmosphere at room temperature. Hydrogen gas evolved from 
the solution vigorously. The resulting mixture was agitated in a shaker for 12 hours. The 
diphenylsilane-modified silica product was collected on a frit under argon, washed with pentane 
(5 X 30 ml), and dried under reduced pressure. Yield: 21.6 g. DRIFTS IR: v (Si-H) 2169 cm ' (s). 

CI. Preparation of the sUica-supported anilinium borate, w/ phenylsilane functionalizer 
[PhMe2NH]+[(C<iF5)3B(C6H4.p-0-SiHFh.OSilica)]- 

An ether (100 ml) slurry of phenylsilane-modified silica (prepared according to 

3B1) (10 00 g) was treated with an ether (100 ml) solution of dimethylanilinium (4- 
hydroxyphenyl)tris(penta-fluorophenyl)borate[PhMe2NH][(C6F5)3B(C6H4-p-OH)l (prepared 

according to 1 Al(a-d)) (2.94 g; 4.03 mmol) at room temperature under an argon atmosphere. The 
solution was agitated in dry box for 1.5 days and the resulting white solid was filtered off, washed 
with ether (5 x 20 ml) and pentane (3 x 20 ml), and dried under reduced pressure. Yield: 1 1 .99 g. 
DRIFTS IR: v (Si-H) 2190 cm ' (m); v (N-H) 3239 cm ' (w). ''Si CPMAS: -O-SiHPh-OSilica (s, 
-41 ppm). "C CPMAS: NHMejPh (s. 48.5 ppm). ICP boron content: 0.231 percent. 
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C2. Preparation of the silica-supported anilinium borate, W di-methylsilane functionalizer 
lPhMe2NHr[(C6F5)3B(C5H4-p-0-SiMe2-Osilica)) 

An ether ( 100 ml) slurry of dimethylsilane-modif.ed silica (10.00 g) (Prepared 
according to 3B2) was treated with an ether (100 ml) solution of [PhMe2NHll(C6F5)3B(C6H4-p- 
OH)] (2 90 g; 4.02 mmol) at 25 "C under an argon atmosphere. The solution was agitated in a dry 
box for 2 5 days and the resulting white solid was filtered off, washed with ether (5 x 20 ml) and 
pentane (3 x 20 ml), and dried under reduced pressure. Yield: 12.21 g. v (N-H) 3240 cm" (w). 
"Si CPMAS: -O-SiHPh-OSilica (s, -7.7ppm). 

C3. Preparation of the silica-supported anilinium borate, w/ di^thylsilane functionalizer 
[PhMe2NHn(C6F5)3B(C6H4-p-0-SiEt2-Osilica)) 

An ether (100 ml) slurry of diethylsilane-modified silica (10.00 g) (P^ ^Pf 
according to 3B3) was treated with an ether (100 ml) solution of IPhMe2NH][(C6F5)3B(C6H4-p- 
OH)l (2.90 g; 4.02 mmol) at 25 C under an argon atmosphere. The solution was agitated in a dry 
box for 2.5 days and the resulting white solid was filtered off. washed with ether (5 x 20 ml) and 
pentane (3 x 20 ml), and dried under reduced pressure. 

C4 Preparation of the sUica-supported anilinium borate, w/ phenyl-methylsUane 
functionalizer [PhMe2NHrKC6F5)3B(C6H4-p-0-SiMePh.Os»lica)) 

An ether (100 ml) slurry of phenylmethylsilane-modified silica (10.00 g) 
(prepared according to 3B4) was treated with an ether (100 ml) solution of 
KNHlI(Ce,F|)3B(C6H4-p-OH)l (2.90 g; 4.02 mmol) at 25 C under an argon atmosphere. 

The solution was agitated in dry box for 2.5 days and the resulting white solid was filtered off. 
washed with ether (5 x 20 ml) and pentane (3 x 20 ml), and dried under reduced pressure. 
C5.Preparationofthesilica.supportedaniUnium(4.hydroxyphenyl)tns^^^^^^ 
phenyDborate, w/ dlphenylsilane functionalizer [PhMe2NHn(C6F5)3B(C6H4.p.O-S.Ph2. 

Osilica))' 

An ether (100 ml) slurry of diphenylsilane-modified silica (10.00 g) (P^epared 
according to 3B5Twas Jated with anther (100 ml) solution of lPhMe2NH][(C6F5)3B(C6H4-p- 
OH)] (2 90 g; 4.02 mmol) at 25 C under an argon atmosphere. The solution was agitated in dry 
box for 2.5 days and the resulting white solid was filtered off, washed with ether (5 x 20 ml) and 
pentane (3 X 20 ml), and dried under reduced pressure. 
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C6, Preparation of sUica-supported anilinium (4-(4'-hydroxyphenyI)phenyI)tris- 
(pentanuorophenyl)borate borate, w-phenylsilane functionalizer [PhMejNHl+L 
(C<iF5)3B(C^H4-p-0-SiHPh-Osilica)r 

An ether (80 ml) slurry of phenylsilane-modified silica (4.00 g) was treated with 
dimeihylanilinium (4-(4*-hydroxyphenyI)-phenyl)lris(pentanuorophenyl)borate 
[PhMe2NHr[(C6F5)3B(C6H4-p-OH)r (prepared according to lA2(a-d) (1.20 g; 1.49 mmol) at 
25 C under an argon aimosphere. The solution was agitated in dry box for 2 days and the 
resulting white solid was filtered off. washed with ether (5 x 20 ml) and pentane (3 x 20 ml), and 
dried under reduced pressure. Yield: 5.04 g. DRIFTS IR: v (Si-H) 2191 cm ' (m): v (N-H) 3244 
cm ' (w). "Si CPMAS: -O-SiHPh-OSilica (s, -41 ppm). "C CPMAS: NHMejPh (s. 47.7 ppm). 

ICP boron content: 0.225 percent 

C7. Preparation of the dimethylsUane functionalized silica-supported dimethylanilinium (4- 
(4'hydroxyphenyl)phenyl)tris(pentanuoro-phenylborate, [PhMejNHJ+r {C^s)3B(C^H^-p' 

0-SiMe2-0Silica)r 

An ether (60 ml) slurry of dimethyls ilane-modified silica (1.0 g) was treated with 
IPhMe2NH]n(C6F5)3B(C6H4-C5H4-p-OH)r (0.39 g; 0.49 mmol) at room temperature under an 

argon atmosphere. The solution was agitated in dry box for 2 days and the resulting white solid 
was filtered off, washed with ether (3 x 20 ml) and pentane (3 x 10 ml), and dried under reduced 
pressure. Yield: 1 .20 g. DRIFTS IR: v (N-H) 3142 cm ' (w). «Si CPMAS: -O-SiHPh-OSilica (s. 
-7.6 ppm). ICP boron content: 0.232 percent. 
D. Slurry Batch Reactor Polymerization 
n ropolvm erization 

A 2 liter autoclave reactor was evacuated at 70°C for 90 minutes prior to use. 
Heptane (550 ml) containing 13 pnole of triisobutylaluminum (0.013 ml; 1.0 M in toluene) was 
divided into two approximately equal portions and placed into two 600 ml high pressure 
containers. One container was treated with 35 ml of 1-hexene. Tht second container was treated 
with 0 2 ml of a toluene solution of bis(n-butylcyclopenudienyl)zirconium dichloride (n- 
BuCp)2ZiCl2, (0.2 mg; 0.494 nmole) and the activated support of 3C1 (12 mg; 2.4 Jimole based 
on boron). The hexene containing solution was transferred into the preheated reactor followed by 
the catalyst mixture. Ethylene was quickly admitted at 125 psi (860 kPa) and the reactor was 
maintained at 70°C via a recirculating water bath. Ethylene was fed on demand via a mass flow 
controller. The reaction was continued under these reaction conditions for one hour. Polymer 
yield was 97 g, giving a productivity (g polymer/g Zr-hr.) of 2.15 x 10*, and a catalyst activity (g 
polymer/g catalyst-hr.) of 7950. 
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D2-6) Additional Batch Slurry polymerizations 

The reaction conditions of Example 3D1 were substantially repeated using 
different quantities of bis(n-butylcyclopentadienyl)-zirconium dichloride, triisobutyl alumir 
(TIBAL) and hexene as well as different types and quantities of activated supports. Results 



contained in Table 1 . 

Table 1 



Run 


Comolex 
mg (nmol) 


Activated 
Support 


TIBAL 
limol 


hexene 
ml 


Yield 
g 


Prod.' 
(xlO*^ 


Act.- 


3D2 
3D3 
3D4 
3D5 
3D6 


0.2 (0.5) 
0.2 (0.5) 
0.4 (1.0) 
1 .0 (2.5) 
0.2 (0.5) 


3C2 
3C2 
3C6 
3C7 
3C6 


12 
13 
20 
30 
13 


35 
35 
40 
20 
70 


41 
40 
137 
87 
73 


0.9 
0.9 
1.5 
0.4 
1.6 


3360 
3570 
6720 
2810 
5530 



1 . Productivity g polymer/g Zr-hr 

2. Activity g polymer/ g catalyst-hr. 



D7) Ethylene Homopolymerization 

a) A 2 liter autoclave reactor was evacuated at 70OC for 90 minutes prior to use. 
Heptane (350 ml) containing 25 nmole of ttiisobutylaluminum (0.025 nJ; 1.0 M in ^o\uenc^^nd 

1 .0 ml of a toluene solution of bis(cyclopentadienyl)zirconium dimethyl Cp2ZrMe2. (0.9 mg. 3-7 
Hmole) and the activated support of 3C6 (30 mg; 5.0 ^mole based on boron was transferred into 
the preheated reactor. Ethylene was quickly admitted at 180 psi (1200 kPa) and the reactor was 
maintained at SO-'C via a recirculating water bath. Ethylene was fed on demand via a mass flow 
controller. The reaction was continued under these reaction conditions for one hour. Polymer 
yield was 160 g. Mw = 155,000, Mw/Mn = 2.05, Tm (DSC) was 138 "C. 

b) The reaction conditions of 3D3a) were substantially repeated excepting that the quantity of 
triisobutyl aluminum was 50 jimol, the transition metal compound was 

biscyclopentadienylzirconium dichloride, (2 mg. 6.8 jxmol), the activated support was 3C6 (60 
mg. 12 ^mol based on boron), and the temperamre was maintained at 75 °C. Polymer yield was 
139 g. Mw = 144,000, Mw/Mn = 2.41. Tm (DSC) was 135 "C. 

c) n.e reaction conditions of 3D23) were substantially repeated excepting that the quantity of 
triisobutyl aluminum was lOO-ptmol, the transition metal compound was (t- 
butylamido)dimethyl(tetramethyl-Ti^cyclopentadienyl)silanetitanium dichloride,(10 mg. 27.2 
^mol) the activated support was 3C1 (200 mg, 40 ^mol based on boron), and the ethylene 
pressure was 200 psi (1400 kPa). Polymer yield was 94.2 g. Mw = 961,000, Mw/Mn = 2.00. Tm 
(DSC) was 135 °C. 
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d) The reaction conditions of 3D3a) were substantially repeated excepting that the quantity of 
triisobutyl aluminum was 50 nmol. the transition metal compound was bisindenylzirconium 
dichloride, (2 mg, 4.8 Mmol), and the activated support was 3C 1 (80 mg. 1 3 nmol based on boron. 
Polymer yield was 140 g. 
Fxamole 4 

C. Preparation of phenyisilane functionaUzed silica supported anilinium (6-hydroxy-2. 
naphthyl)tris(pentafluorophenyl)borate, [PhMe2NH]+ [snica-OSiPhH-0-6-CjoHj-2- 

A mixture of 1.67 g [PhMe2NfHr[6-HOC,(^6-2-B(C6F5)3] (prepared according 
to Example 1 A3) and 5.0 g phenylsilane-modified silica (prepared according to Example IB) 
were heated at gentle reflux with mechanical stirring for 24 hours. The solids were collected by 
filtration, washed with EtjO and pentane. and dried under reduced pressure. CP-MAS Si NMR: 
-43ppm. Solids were determined to be 0.154 weight percent boron. 

D. Slurry Batch Reactor Polymerizations 

D 1 . A 2-L autoclave was evacuated at 80°C overnight prior to use. A heptane (300 

mL) slurry of phenyisilane modified=s4lica supported dimethylanilinium (6-hydroxy-2- 
naphthyl)tris(pentafluoro-phenyl)borate[PhMe2NHr[silica-OSiPhH-OCioH6-2-B(C6F5)3l 

(0 100 g), (t-butylamido)dimethyl(tetramethyl--n'-cyclopentadienyl)silanetitanium dimethyl (5 
mg), and 0.1 mL of a 25 percent EtjAl solution in heptane were transferred into the preheated 
reactor. Ethylene was quickly injected to 1 80 psi (1200 kPa) and the reactor was maintained at 
SO-C via a recirculating water bath. Ethylene was fed on demand via a mass flow controller. 
Polyethylene yield after 60 minutes was 50 g. 

D2 The procedure of example 4D1) was repeated with the following changes: 0.05 g 

lPhMe2NHnstlica-OSiPhH-OCioH6-2-B(C6F5)3]-. 0.05 mL EI3AI solution, 1.5 mgCp2ZrMe2, 
and 3 psi (20 kPa) H2. Polyethylene yield alter 60 minutes was 144 g. 

D3-22. The previous reaction conditions were substantially repeated using transition 

metal complexes, activated supports, and other reaction conditions indicated in Table 2. Results 
arc contained in Table 2. Molecular weights were determined by gel permeation chromatography 
(GPC). 
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Sup- 
port 


complex 
()imol) 


Scav. 
(mmol) 


CgHl 
6. 
ml 


Ho 


lime 
min. 


Yield 
(g) 


Mw 
xlO-* 


Mw/ 
Mn 


4D3 
4D4 
4D5 
4D6 
4D7 


4C 


TM" (30) 
TP* (30) 


TEA ' (1.5) 
TEA (1.5) 
TEA (.75) 
TEA (.38) 
TEA (.05) 


0 


14 


60 


48 
74 
62 
46 
9 


1.13 
1.08 
1.03 


6.1 
4.9 
4.9 


4D8 
4D9 
4D10 
4D11 
4D12 


IC 




TEA (1.5) 
MAO* (.05) 
TEA (1.5) 
TEA (1.5) 
TEA (1.5) 




35 
60 
280 




61 
4 

52 
52 
39 


0.73 
0.79 


5.8 
4.9 
13.5 


4D13 
4DI4 
4D15 
4D16 
4D17 




TP (54) 
TP (45) 
TP (45) 
TP (90) 


TEA (1.5) 
TEA (1.5) 
TEA (1.5) 
TEA (1.5) 
TEA (1.5) 


50 
25 
50 


14 

28 
34 
70 


42 
60 


26 
214 
98 
125 
62 


0.60 
0.80 
0.40 


7.3 
6.2 
14.2 


4D18 
4dl9 
4d20 
4D21 
4D22 


3C6 
4C 


TP (90) 
ZC* (68) 
RI" (5) 
ZB' (10) 


TEA (,1.5) 
TBAL^ (.7) 
TBAL (.2) 
TBAL (.2) 
TBAL (.2) 


35 

0 
30 


140 


30 


240 
106 
169 
4 

142 


0.75 
0.04 


8.6 
2.0 



^V-b?SSLiido)dimethyl(tetramethyl-Ti^cyclopentadienyD 

biscyclopentadienylzirconium dichlonde 

bis(n-butylcyclopentadienyl)zirconium dichlonde 
F.xamole 5 

Preparation of dimethylsilane-modified alumina 

5.0 g of Pural™ 200 alumina (available from Condea Chemie AG (calcined at 
600°C under vacuum) was slurried in 25 mL of pentane. and 4.5 mL (5 ™nol/g) 
^e^S^S^SiMe^H was added. The mixnire was shaken for 15 hours. The sohds were collected 

on a fritted funnel, washed with pentane, and dried under reduced pressure. DRIFTS IR: 2958. 

2904 (C-H), 2102 (br, Si-H) cm '. 

Preparation of the activated support by reaction «^ 

with dimethylanUinium 4.(hydroxyphenyl)-tris(pentanuorophenyl)borate, [PhMeiNH] 
I(C5F5)3B(C6H4-p-OSIMe20-aluniina)r 

1 0 B dimethylsilane-modified alumina was slurried with 0.35 g 
[PhMe2NHlW5)3B(C6H4-P-OH)lin lOmLEt^Ofor 12hours. At this time the sohds were 
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collected by filtration, washed with EtsO and pentane. and dried under reduced pressure. 
DRIFTS IR: 2960, 2908 (C-H) 2131 (Si-H). 1641, 1623, 1591, 1514, 1461, 1261 (aromatic ring 
breathing) cm ' . 

Slurry Batch Reactor Polymerization 

A 2-L autoclave was evacuated at 80°C overnight prior to use. A heptane (300 
no.) slurry of PhMe2>m[(CeF5)3B(C6H4-p-OSiMe20-alumina)l (0.200 g), Cp^ZrMe. ( 

and 0.2 mL of a 25 percent EtgAl solution in heptane were transferred into the preheated reactor. 

Ethylene was quickly injected to 180 psi (1200 kPa) and the reactor was maintained at SO'C via a 

recirculating water bath. Ethylene was fed on demand via a mass flow controller. Polyethylene 

yield after 60 mimnes was 2.16 g. 

F»anil)le 6 

Dl-5 ConHnuiMis Sluriy Polymerizatfon 

A con.tauo»s Stan, polymeri^Uon was earned o»t using a computer eontrolled 
lOL slurry .eactor equipped with an extemal water jacket, a stirrer, a thennocouple. a catalyst 
addition dip-n.bc. diluent addition dip-n.be. and a continuous capacitance, level detector probe. 
Purified isopenunc diluent was set to a constant (low of 4000 gfltr which tesuhed in maintatnmg 
a soUds content ta the reactor of approximately 60 weigh, percent. 11.. level wa. 

maintained a. approximately 60 percent of U,e reactor volume by periodic removal of the reactor 
contents. 11.= reactor was heated to a temperamre of 55"C. A hydrogen now of 0.15 L/hr. an 
ethylene flow of 650 gte a™i a 1 -butene flow of 75 grt.r we« initiated and the reactor pressure 
se,to220psi(1.5Mpa). m catalyst mixntre was prepared by combining 81 mg (200 Mmol) of 
(n-BuCp)2Z,Cl2, 4.90 g of phenylsilane modified silica supponed dimethylanilinium 4-(4-- 
hydroxyphenyl)phenyl).ris(pen,anuorophenyl)bor.t. prepared according to preparation 3G6. and 
2 mmol triisobuty lalnminum (TIB A) in 800 mL of hexane in the dry box and placing the mixture 
in a IL bomb. TTe contents were then transferred under nitrogen to the stined catalyst vessel and 
dUuted to 8 L with isopentane. catalyst mixmte was slowly added to dK= reactor from the 
continuously stirredcatalysttank. TT-C ethylene and l-butene fiows were then incrementally 
increased. A portion of the reactor contents was periodically passed by means of exit valves to a 
heated flash vessel wherein diluent was removed. "H-e devolatili^d polymer's properties we« 
measured a™, recorded. The reactor was operated continuously over an 8 hour period, mdata 
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reported in Table 3 were measured on samples obtained after the reactor reattained equilibrium 
following a change in process conditions. 



Run 


C2H4 
g/hr 


C4H8 
g/hr 


KgPE 
gTi 


yield 
(g) 


12 

dg/min 


6D1 


650 


75 


0.36 


206 


0.06 


6D2 


850 


100 


0.51 


339 


0.6 


6D3 


850 


100 


0.51 


320 


2.22 


6D4 


1000 


138 


0.64 


414 


2.71 


bD5 


1000 


138 


0.64 




1.46 



Table 3 

Mw Mw/Mn Density C4Hg Bulk 5 
xlO^ (S)g/cc mol%__g{cc 



0.9471 <0.2 

0.9354 0.57 

0.9321 1.16 

0.9310 1.52 
0.9316 



D6- 14 Continuous Slurry Polymerizations 

Preparation of bls(n-butylcycIopentadienyl)2irconium (l,4.diphenylbutadiene) 

Under nitrogen, recrystalUzed bis(n-butylcyclopentadienyl)zirconium dichloride 
(2.02 g. 4.99 mmol) was slurried in hexane with 1.4-diphenyl butadiene. A solution of n-BuLi in 
hexanes (2.5 M. 2.05 mL, 5.1 3 mmol) was added and a deep red color formed immediately. 
After stirring for 30 minutes at room temperature, the mixture was refluxed for 2 h. The solvent 
was removed in vacuo and the solid redissolved in about 20 mL of hot hexane. Red crystals 
formed. A small amount of hexane was added and the reaction flask was cooled in a freezer and 
then filtered through a medium frit. The red crystals were isolated via filtration through a 
medium frit funnel, washed once with cold hexane, and dried in vacuo (2.04 g, 76.5 percent 
yield). 

Polyinerizations 

The reaction conditions of Examples 6D1-5 were substantially repeated excepting 
that the purified isopentane was set to a constant flow of 2500 gAir, the reactor temperature was 
65 "C. and the initial ethylene and 1-butene flows were 1000 g/hr and 50 g/hr respectively. The 
initial catalyst mixture was prepared by combining 40.5 mg (100 jimol) of (n-BuCp)2ZiCl2, 2.45 
g of phenylsilane modified silica supported dimethylaniUnium 4.(4'. 

hydroxyphenyI)phenyl)tris(pentafluorophenyl)borate prepared according to preparation 3C6, and 
1 mmol Tffi A in 400 mL of hexane in the dry box and placing the mixture in a IL bomb. The 
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contents were then transferred under nitrogen to the stirred catalyst vessel and diluted to 8 L with 
isopentane. The catalyst mixnire was slowly added to the reactor from a continuously stirred 
catalyst tank. The ethylene and 1 -butene flows were then incrementally changed. A second, 
stirred catalyst vessel was prepared in the same manner as above described and the two catalyst 
vessels were switched back and forth every 3-5 hr during the 34 hour polymerization. During the 
polymerization the metallocene catalyst precursor was changed to bis(n- 
butylcyclopentadienyOzirconium (11) (1.4-diphenylbuladiene), (n- 
BuCp)2Zr(PhCH=CHCH=CHPh). Results are shown in Table 4. 



Run 


Cat. 


H2 
R/hr 


C2H4 
g/hr 


KpPE 
gTi 


12 
dg/min 


Mw 
xlO-* 


Mw/Mn Density 
(5) g/cc 


C4H8 
mol % 


Bulk 5 
g/cc 


6D6 


Zr<IV)' 


0.15 


100 


0.61 


0.306 






0.9389 






6D7 


Zr(IV) 


0.15 


100 


0.61 


0.325 






0.9359 






6D8 


Zr(IV) 


0.15 


100 


0.61 


1.638 






0.9304 


1.54 


0.37 


6D9 


Zr(IV) 


0.15 


100 


0.61 


2.099 






0.9285 


6D10 


Zr(IV) 


0.15 


100 


0.61 


2.408 


0.092 


2.098 


0.9305 


1.70 


0.37 


6Dli 
6D12 
6D13 
6D14 


Zr(IV) 
Zr(ID' 
ZrdD 
Zr(ID 


0.075 
0.075 
0.075 
0.075 


172 
172 
172 
250 


1.00 
0.80 
0.80 
0.81 


5.24 
4.57 
3.085 
2.058 


0.075 
0.076 
0.083 
0.092 


2.1 
2.073 
2.181 
2.197 


0.9242 
0.9230 
0.9141 
0.9126 


2.79 
2.86 
4.76 
4.82 


0.36 
0.35 
0-35 
0.34 



bis(n-butylcyclopentadienyl)zirconium dichloride 
^ bis(n-butylcyclopentadienyI)zirconium (1,4-diphenylbutadiene) 

Example 7 

B Preparation of triisobutylaluminum treated phenylsilane modified siHca. 

Bl. Phenylsilane modified silica was prepared substantially according to the 
procedure of Example IB excepting the silica was Sylopol™ 2212 silica and the calcining 
temperature was 400°C. A heptane (200 ml) slurry of this phenylsilane modified silica (10 g), 
was treated with TIB A (20 ml, IM in toluene) at room temperature. The resulting mixture was 
agitated in a shaker for 12 h and was then filtered, washed with peniane (3 x 50 ml), and dried in 
vacuo. Yield : 1 1 .3 g. DRIFTS IR: v (Si-H) 2170 cm ' (m). "Si CPMAS: d -24 ppm. 

B2. The above reaction conditions were substantially repeated excepting that the 
silica (Sylopol™ 2212) was calcined at 800 "C. 
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B3. The above reaction conditions were substantially repeated excepting that the 
silica (Sylopol™ 2212) was calcined at 500 °C. 

B4. The above reaction conditions were substantially repeated excepting that the 
silica (Sylopol™ 2212) was calcined at 300 "C. 

C. Preparation of triisobutylaluminum treated, phenylsilane modified silica-supported 
N,N-dimethyl aiuUnium (4-(4'-hydroxyphenyl)phenyl)trispentanuorophenyl-borate - 
[PhMe2NH]+[(C<iF5)3B(C<iH4.C6H4 -p-O-SiPhH-OSi)]- 

Cl. A diethylether (200 ml) slurry of the TIB A modified phenylsilane silica 
(7B1) was treated with IPhMe2NH][(C6F5)3B(C6H4-C6H4-p-OH)] (3.01 g; 3.75 mmol) at room 
temperature under argon atmosphere. The solution was agitated in dry box for 2 days and the 
resulting white solid was filtered off, washed with ether (3 x 50 ml) and pentane (3 x 10 ml), and 
dried in vacuo. Yield: 1 1 .25 g. ICP boron content: 0.244 wt percent. 

C2. The preparation of CI was substantially shortened (2-3 hours reaction time) 
using hot toluene in place of diethyl ether. 

C3. The preparation of CI was substantially repeated using the 
triisobutylaluminum treated phenylsilane modified silica of 7B4. 

D. Ethylene homopolymerizations 

Dl. A 2 liter autoclave reactor was evacuated at 75^ for 90 miri prior to use. A 
supported tethered catalyst was prepared by combining TIBA (100 mmole; 0.1 mi; 1.0 M in 
toluene), heptane (-500 ml) and bis(n-butylcyclopentadienyl)zirconium dichloride 
(»BuCp)2ZrCl2 (CI mg. 0.247nmiol), followed by the addition of the TTOA treated, phenylsilane 
modified silica supported anilinium (4-(4'-hydroxyphenyl)phenyl)-tris(pentanuorophenyl)borate 
of 7C1 (7 mg; 1.58 mmol). The catalyst mixnire was transferred into the preheated reactor via 
vacuum line. Ethylene was quickly admitted to 180 psi (1.2 Mpa), and the reactor was 
maintained at 75°C via a recirculating water bath. Ethylene was fed on demand via a mass flow 
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controller. Polymer yield: 180 g (1 hr). = 169,000, = 2.11. Productivity: 8.0 x lO" 

gPE/gZrh. 

D2. The reaction conditions of 7D1 were substantially repeated excepting that 
the tethered borate support was phenylsilane modified silica supported anilinium (4-(4'- 
hydroxyphenyl)phenyl)tris(pentafluoro-phenyl)borate (Sylopol™ 2212 silica. SOO'C calcining 
tcmperanire (7B3)). The quantities of reagents used were: ("BuCp)2ZrCl2 (0.2 mg, 0.494mniol). 
TIBA (100 mmole; 0.1 ml; 1.0 M in toluene), and tethered borate (12 mg; 1,97 mmol). Polymer 
yield: 204 g (1 hr). = 184,000, = 2.38. Productivity: 4.5 x 10* g PE/g Zr h. 

D3. The reaction conditions of 7D1 were substantially repeated excepting that 
the tethered borate support was phenylsilane modified silica supported anilinium (4- 
hydroxyphenyl)tris(peniafluoro-phenyl)borate (Sylopol™ 2212 silica, 800''C calcining 
temperanjre (7B2)). The quantities of reagents used were: ("BuCp)2ZiCl2 (0.2 mg, 0.494mmol), 
TIBA (100 mmole; 0.1 ml; 1.0 M in toluene), and tethered borate (13.5 mg; 2.16 mmol). Polymer 
yield: 208 g (1 hr). = 156,000. M^„ = 2.09. Productivity: 4.6 x 10* g-PE/g Zr-h. 

D4. A 2 liter autoclave reactor was evacuated at SO'C for 90 min prior to use. 
TIBA (350 mmole; 0.35 ml; 1 .0 M in toluene) was added to heptane (-500 ml) and the solution 
treated with (t-butylamido)dimethyl-(tetiamethyl-n'-cyclopentodienyl)silane-titanium dichloride 
(0.5 mg. 1.36 mmol) followed by the addition of the tethered borate of 7C1 (40 mg; 8.5 mmol). 
The catalyst mixture was transferred into the preheated reactor via vacuum lines. Ethylene was 
quickly admitted to 200 psi ( 1 .4 Mpa) and the reactor was maintained at 80°C via a recirculating 
water bath. Ethylene was fed on demand via a mass flow controller. Polymer yield: 67.7 g (1 
hr). Mw = 3.22 x 10*. Mw/Mn = 2.96. Productivity: 1 .0 x 1 0' g-PE/g Ti • h 

D5. The reaction conditions of 7D4) were substantially repeated using the 
metallocene ethylenebis(indenyl)zirconium dichloride and the triisobutylaluminum treated, 
phenylsilane modified siUca supported borate of 7C3. The reagents were: (EBDZKHj <013 mg, 
0.319 mmol), TIBA (100 mmole; 0.1 ml; 1.0 M in toluene), and TDBA treated, phenylsilane 
modified, silica supported tethered borate (9.8 mg; 1.54 mmol). Polymer" yield: 170 g (1 hr). 
= 1 30,000 = 2-63. Productivity: 5.9 x lO' g PE/g Zr h. 

-36- 



3ID- <WO_9719959A1 l_> 



_ PCT/US96/17140 

WO 97/19959 



vim AT TS CL AIMED IS: 

1. A support for use in preparing supported catalysts for addition 

polymerizations comprising the reaction product of: 

(A) an morgan^ oxide material comprising a solid matrix, and reactive hydroxyl groups or 
.eactive silane ft^nctionalized derivatives of hydroxyl groups on the sutface 
snrcorrespcnding to the formula: -OSiR^H, wherein R, independently each occurrence, ts 
hydrogen. C 1.20 hydro'^arbyl. or C 1.20 Mrocarbyloxy, 

said inorgan,c oxide material comprising less than 1.0 mmol of reactive surface hydroxyl 
functionality per gram, and 

(B) an activator compound comprising: 

bi) a cation which is capable of reacting with a transition metal compound to form a 
catalytically active transition metal complex, and 

b2) a compatible anion containing a, least one substituent able to react with the 
inorganic oxide matrix, with residual hydroxyl fH,nctionality of the inorganic oxide, or with the 
reactive silane moiety, .hereby covalently bonding the compatible anion to the support. 

2. A support according to Claim 1 wherein the support material comprises 

silica. 

3. A support according to Claim 1 wherein the activator component is a 
salt of the formula: 

(G+e)(DM'Q3)-e, 

wherein G^e .he cationic remnant of a Bronsted acid salt, an oxidizing cation, a 
carbonium ion or a silylium ion; 

[DM'Qsl- is a noncoordinating, compatible anion, 

D is a linking group comprising functionality capable of reaction with the 
inorganic oxide matrix, with residual hydroxyl fianctionality thet^of, or with reactive silane 
functional groups thereof, 

M' is boron or aluminum in an oxidation state of 3; 

Q is a hydrocarbyl-. hydrocarbyloxy-. Ouorinated hydrocarbyl-, fluorinated 
hydrocarbyloxy-. or fluorinated silylhydrocarbyl group of up to 20 nonhydmgen atoms, and 

e is an integer from 1 to 3. 
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4. A support according to Claim 3 wherein e is 1 . 

5. A support according to Claim 3 where: 
M' is boron; and 

Q is pentafluorophenyl. 

6. A support according to Claim 1 wherein the anion of the activator is 
selected from the group consisting of tris(pentanuorophenyl)(4-hydroxyphenyl)borate, tris-(2.4- 
difluorophenyl)(4-hydroxyphenyl)boraie,tris-(3,5-dinuorophenyl)(4-hydroxyphenyl)borate,tris- 
(3,5-di-trifluoromethylphenyl)(4-hydroxyphenyl)borate,iris(pentafluorophenyl(2- 
hydroxyethyDborate, tris(pentafluorophenyl))(4-hydroxybutyl)borate. tris(pentafluorp-phenyl)(4- 
hydroxycyclohexyl)borate,lris(pentafluorophenyl)(4.hydroxy-2,6-dimethylphenyl)borate. 
tris(pentafluorophenyl)4-(4--hydroxyphenyl)phenylborate, tris(pentanuorophenyl)4-(4'-hydroxy- 
2',6'-dimethylphenyl)phenylborate, and tris(pentafluorophenyl)(6-hydroxy-2-naphthyl)borate. 

7. A supported catalyst comprising the support of Claim 1 and (C) a 
transition metal compound containing at least one n-bonded anionic ligand group and a substinient 
capable of reacting with the activator compound to thereby form a catalytically active transition 
metal complex. 

8. A supported catalyst according to Claim 7 wherein the n-bonded 
anionic ligand group of the transition metal compound (C) is a conjugated or nonconjugated, 
cyclic or non-cyclic dienyl group, an allyl group, aryl group, or a substituted derivative thereof. 

9. A supported catalyst according to Claim 8 wherein the 7t-bonded 
anionic ligand group is a cyclopentadienyl group or a substituted derivative thereof. 

10. A supported catalyst according to Claim 7 wherein the transition metal 
is titanium, zirconium or hafnium. 

1 1 A supported catalyst according to Claim 7 additionally comprising an 

alumoxane. or a hydrocarbylaluminum compound according to the fonnula AIR3 wherein R is C^. 
20 hydrocaibyl or hydrocarby loxy . 

12. An addition polymerization process wherein one or more addition 
polymerizable monomers are contacted with a supported catalyst according to Claim 7 under 
addition polymerization conditions. 

13. The addition polymerization process according to Claim 12 carried out 

under slurry or gas phase polymerization conditions. 
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14. A gas phase addition polymerization process according to Claim 1 3 

wherein condensed monomer or inert diluent is present. 
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